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Executive summary 


This report reviews opportunities to reduce emissions and energy use in Ontario’s 
transportation sector over the next fifteen years. It does this by considering current and 
projected energy use and emissions with and without the adoption of regulatory, economic 
and information measures to discourage energy use. 


The study considers energy use by fuel type, and six pollutants: carbon dioxide, carbon 
monoxide, sulphur dioxide, nitrogen oxides, volatile organic compounds, and particulates. 
Energy use and transportation demand estimates for 1988 through 2005 in the base scenario 
are derived primarily from the Ontario Ministry of Energy’s Transportation model. Unit 
emission factors are applied to energy use rates or vehicle distances travelled to estimate total 
emissions. The study does not consider emissions from energy production and distribution, or 
direct emission control technologies. 


Based on a literature review, measures for reducing energy use or emissions were identified, 
and their possible effectiveness and implications for Ontario are assessed. Given existing 
commitments to reduce the conventional automotive pollutants, the study concentrated on 
opportunities to reduce carbon dioxide emissions through increased efficiency of energy use. 


Eight types of measures, with several degrees of implementation for some of them are 
considered: 


e improved vehicle fuel efficiency achieved through standards 
e increasing the use of transit 


* economic instruments, including “carbon taxes” and “gas-guzzler taxes” to discourage 
energy use 


XV 


e changes to land use planning so that cities do not require as much transportation 
* traffic management measures to reduce congestion and speed up traffic flow 

¢ vehicle inspection and maintenance programs 

* incentives for substituting communications for transportation 

e regulatory restrictions on travel demand. 


In addition, the potential contribution to energy or emissions reductions of alternative fuels 
and bicycling were assessed, but the potential was found to be very small. 


_ Measures are assembled into regulatory, economic or mixed strategies for meeting three 
scenarios with different targets for reduction: 


e reducing emissions with “cost-effective” technology 

¢ stabilizing emissions at 1988 levels by 2000, and then maintaining that level 

¢ reducing total emissions to 80 percent of the 1988 level by 2005 

* reducing emissions to 80 percent of 1988 levels by 2005, while setting the stage for more 
dramatic cuts in CO, emissions which are deemed necessary to stabilize atmospheric 


concentration. 


The analysis indicates that stabilizing emissions can be achieved using cost-effective 
measures, that is, measures that can be justified strictly on economic grounds. 


Achieving higher levels of reductions is more difficult, and will require economic costs or 

lifestyle changes or both. The magnitude of these costs and changes in lifestyle depends on 
the policy mix selected. Vehicle technology improvements make the largest contribution to 
reductions, whether achieved through regulatory mechanisms or economic ones. 


More detailed analyses will be required in advance of implementation of any of the measures 
reviewed. 
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Abbreviations 


the SI symbol for year (annum) 
combined average fleet efficiency 

carbon monoxide 

carbon dioxide 

Energy, Mines and Resources Canada 
high occupancy vehicle 

the SI symbol for joule, a unit of energy 
the SI symbol for kilometre 

the SI symbol for kilotonnes (10? t) 

the SI symbol for litre 

Ontario Ministry of Energy 

the National Energy Board 

Nitrogen oxides 

polycyclic aromatic hydrocarbons 

the SI symbol for petajoule, or 10** joules 
the SI symbol for tonne (1000 kilograms) 
United States Environmental Protection Agency 
vehicle kilometres travelled 

Volatile organic compounds 
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1 Introduction 


1.1 Background 


The transportation sector in Ontario accounts for more than a quarter of the total end-use 
energy used in Ontario (Statistics Canada, 1989). The transportation sector accounts for an 
even larger fraction of refined petroleum products (72 per cent) and natural gas liquids (30 
per cent). This is significant for several reasons: 


¢ these energy sources are the most constrained from a supply perspective 
¢ alternative energy sources for use in transportation are not well developed 


¢ combustion of these fuels accounts for a significant component of air pollution, and 
contributions to climate change. 


In Canada, the transportation sector accounts for more than 40 per cent of emissions of 
volatile organic carbons (VOCs), and more than 60 per cent of the emissions of nitrogen 
oxides (NO,) (VHB,1989). The transportation sector also accounts for about 30 per cent of 
carbon dioxide (CO,) emissions in Canada (Robinson, 1990). 


The implications of these data are that the transportation sector is a key area to look for 
potentials to reduce energy use and emissions in Ontario. 


1.2 Objectives and scope 
The objectives are the study are as follows: 


* to establish a baseline estimate of energy use and emissions associated with Ontario’s 
transportation sector 


¢ to identify measures that may be adopted to reduce energy use or emissions 
¢ to select measures with the greatest opportunity for effecting energy use or emissions 
¢ to develop a set of scenarios, consisting of groups of measures, and 


¢ to assess the likely impacts of the scenarios on energy use and emissions, their costs, and 
their benefits. 


The scope of the study excluded certain types of effects from consideration: 
¢ emissions from energy production and distribution are not addressed 
¢ direct emission control (pre- and post-combustion technologies) are not considered 


¢ where measures lead to cost savings, the effects of the expenditure of these saved costs 
are not evaluated 


¢ only the decrease in the amount of each type of emission is considered, the implications 
of these reductions is not addressed. 


1.3 Methodologies 

For the baseline energy estimates, the study relies primarily on model output from the Ontario 
Ministry of Energy (MENY) Energy Demand Model. This model provides highly 
disaggregated information on transportation demand, vehicle efficiencies, and fuel type. The 
baseline from the model was modified where more current or accurate data were identified. 


The baseline emissions estimates are derived using standard factors from the technical 
literature, and are checked for consistency with other published estimates. 


Measures, their effectiveness and their cost were identified from published studies. 


Measures are selected for more detailed study based primarily on estimates of their 
effectiveness, and the confidence one can have in these estimates. 
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Scenarios are developed based on targets that have been proposed publicly. The scenarios use 
various combinations of regulatory and economic measures to achieve the targets. 


The effects of the scenarios are estimated using an accounting framework that keeps track of 
changing demand levels and fuel efficiencies, the costs of achieving these, and the value of 
fuel savings. 


2 Existing patterns of energy use and 
emissions 


Assessing the impacts of strategies requires a baseline against which energy and emission 
levels associated with the strategy can be compared. Analyzing the effects of energy—or 
emissions—reducing measures requires the examination of the current state of output and 
consumption, as well as projections of current trends. 


This chapter discusses Ontario’s present and future production levels of energy and emissions. 


2.1 Existing energy use 


A number of organizations produce historical and projective estimates of energy use from 
transportation sources in Ontario and Canada. For most emission-producing sectors, including 
transportation, emissions are usually calculated from the source energy data. 


When examining specific measures affecting selected modes and trip types, it is desirable to 
have data on a highly disaggregated level. In addition to base energy values for a variety of 
transit modes, the components of energy use (for example, distance travelled and fuel 
efficiency) are required. The MENY Energy Demand Model provides these data for present 
and future periods. 


Table 2-1 presents the estimates of energy use for Ontario’s transportation sector in 1988. The 
modes have been aggregated somewhat to simplify the display. 


The source of most energy data in Table 2-1 is the MENY Energy Demand Model. Two 


changes were made to the vehicle demand, vehicle efficiency and energy demand base case 
developed from the model. “Truck” data were disaggregated into light trucks and other 
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(medium and heavy) trucks and the urban public transit numbers were improved to reflect 
more recent data. These modifications do not significantly affect the total energy forecasted 
by the MENY model but allow for improved modelling of emissions and energy demand for 
these modes. 


2.2 Determinants of energy use 
The determinants of energy use need to be identified before the effects of technology or 
policy can be analyzed. Most transportation energy forecast models determine total energy 
requirements by evaluating the following formula for each transportation mode: 

Energy Consumption = Energy/Unit of Transportation Activity * Amount of Activity [1] 
The analysis of future trends in transportation usually involves the examination of the effects 
time, technology, policy, or economics may have on fuel consumption (Energy/Unit of 


Transportation Activity), or demand (Amount of Activity). Decreasing these parameters will 
proportionately decrease the amount of energy used. 


2.3 Projections of energy use 

The MENY Energy Demand model evaluates the preceding equation for future scenarios. 
Table 2-1 presents the baseline estimates of energy use in Ontario over a 15 year forecast 
period.’ 

MENY’s energy demand estimates for light trucks and urban public transit have been 
modified for future estimates also. 


2.3.1 Energy estimates from other sources 


MENY’s energy estimates are compared below with independent studies. 


1 Appendix B presents this table in more detail. 


Table 2-1 
Estimates of annual energy use in Ontario 


Energy Use (PJ/a) 


Re Eee eae 
1988 1990 


Sweeicar & subways SYA TG EE) 
are (ec i ell ae > fll qunoinity be aia 


* “Other” includes motorcycles, school buses and recreational vehicles. 


Source: Based on MENY, 1988. Transportation Energy Demand Forecast. Computer printout from the 
Transportation model of the Ministry of Energy Energy Demand Model. 

Note: Due to rounding errors, and some adjustments to allow light trucks to be shown separately, totals are 
slightly different from those estimated in MENY 1988. 


Energy, Mines and Resources Canada 
EMR’s Energy and Fiscal Analysis Division produces reference and alternative case energy 
forecasts yearly. The 1989 issue relies on EMR’s Inter-Fuel Substitution Demand model 


(IFSD) and predicts energy use to the year 2020. 


The model produces energy use forecasts for various Canadian regions and sectors. Table 2-2 
shows the Canadian and Ontario transportation sector forecasts for selected years. 


Table 2-2 
Energy, Mines and Resources annual energy demand in Ontario transportation sector (PJ) 


[Reson | sss | oo | isos | on | 2005 
ee ee 6583 7389 7963 
1,795.2 1,999.5 2,135.6 2,312.1 


Source: Energy Mines and Resources Canada, 2020 VISION, 1988 page B-13 


National Energy Board 


The National Energy Board Act requires that the NEB “keep under review the outlook for 
Canadian supply of all major energy commodities ... and the demand for Canadian energy in 
Canada and abroad” (National Energy Board, page i). The NEB consequently produces 
detailed energy forecasts every other year, the most recent was published in 1988 
(NEB,1988). 


Table 2-3 and Table 2-4 show the NEB’s forecasts for two scenarios: a “low case” and a 
“high case”. The former being a slightly more conservative outlook of Canada’s future energy 
use. 


Comparison of forecasts 


The MENY, EMR and NEB forecasts all lead to results that are quite similar. Automobile 
and truck demand is a significant part of all the forecasts, and is largely determined by stock 
turnover rates and new vehicle efficiency, which is influenced by fuel costs. The Ontario 
MENY forecast was adopted for this study because it provides the most detailed breakdown 
of demand and demand determinants, and is thus the most amenable to the assessment of the 
effects of particular measures and actions. 


2.4 Existing emissions 


The transportation sector is a major source of air pollutants. Emissions from the transportation 
sector contribute to a large number of environmental issues, including: global warming; urban 
smog; adverse effects on human and animal health, terrestrial ecosystems, and aquatic 
ecosystems; damage to materials; and localized and urban impaired visibility. The emissions 
from transportation sources of most concern are: volatile organic compounds (VOCs), oxides 
of nitrogen (NO,), carbon monoxide (CO), carbon dioxide (CO,), diesel particulate, and 
oxides of sulphur (SO,). Other more toxic compounds may be of concern in particular 
circumstances. 


Table 2-3 
National Energy Board Annual Energy Demand in Ontario Transportation Sector—High Case 
(PJ/a) 


631.7 656.3 evel aloes Ramee 


Table 2-4 
National Energy Board Annual Energy Demand in Ontario Transportation Sector—Low Case 
(PJ/a) 


634.7 658.1 728.3 769.1 802.5 


There is an immense literature on the adverse effects of air pollution which is periodically 
summarized and presented in regulatory impact analyses of proposed regulations to lower 
emissions levels from transportation sources. For example, for a discussion of the adverse 
effects of light duty vehicles emissions see Kolomeychuk, (1983). For a summary of the 
adverse effects of heavy duty vehicle emissions see Pilorusso (1986). The U.S. Environmental 
Protection Agency periodically updates its Air Pollution Criteria Documents which contain 
exhaustive reviews of the adverse effects of each air pollutant. In summary there is an 


abundance of literature on the subject of adverse effects of air pollution. Unfortunately, most 
of it is not very conclusive. 


Environment Canada and Transport Canada (1989) have recently published national estimates 
of the portion of total emissions of each pollutant that are accounted for by transportation 
sources. Baseline and forecast emissions inventory data for NO, and VOCs, disaggregated by 
province, were also recently published by the Federal/Provincial Long Range Transport of Air 
Pollutants Steering Committee (1990). The Ministry of the Environment periodically prepares 
emissions inventories for Ontario that include the portion of all emissions from transportation 
sources. 


For each of the main pollutants from transportation sources, the relative contribution of 
transportation sources to total emissions and their adverse effects are summarized below. The 
summaries are drawn largely from the sources mentioned in the two previous paragraphs. 


2.4.1 Volatile organic compounds (VOCs) 


VOCs are the volatile portion of unburned hydrocarbons (fuel) that are emitted from vehicle 
engines. The main sources of unburned hydrocarbons are exhaust gases and evaporative losses 
from engines and during re-fuelling. 


Gasoline-fuelled vehicles account for more than 85 per cent of VOCs from transportation 
sources. The transportation sector as a whole accounts for about 42 per cent of VOC 
emissions from all anthropogenic sources. 


Some volatile organic compounds are irritants and so may effect exposed skin or other 
tissues. At high concentrations, these materials effect the brain and nervous system. At lower 
concentrations, overt effects are not commonly seen for most VOC. However, some VOC are 
considered toxic at low concentrations and have been associated with a variety of toxic 
effects, ranging from reproductive failure to cancer. 


In addition, some types of VOC, often described as reactive organics (ROG), participate in 
the generation of ground-level ozone. When VOCs and NO, interact in the atmosphere while 
exposed to sunlight they convert normal oxygen (O,) to ozone (O,). The major adverse effects 
of ozone are increased incidence of respiratory symptoms and aggravation of respiratory 
disease, damage to natural flora and agricultural crops. 


2.4.2 Oxides of nitrogen (NO,) 


NO, is a by-product of combustion, and is emitted in the exhaust gases from internal 
combustion engines. 


Diesel-fuelled road vehicles and air, marine, and rail sources account for about 55 and 15 per 
cent, respectively, of NO, emissions from transportation sources. The transportation sector 
accounts for about 63 per cent of NO, emissions from all sources. 


As well as being a precursor of ozone, elevated ambient concentrations of NO, are 
responsible for a number of other adverse effects, including: irritation that may lead to 
discomfort or damage to exposed moist tissues including the lungs, fading of some fabrics, 
contribution of nitrate and nitric acid to acidic precipitation, and contribution to the formation 
of smog. Nitrous oxide accounts for about four per cent of the climate effect of 1990 
anthropogenic emissions (IPCC,1990). 


2.4.3 Carbon monoxide (CO) 

CO is also a by-product of combustion. 

Gasoline-fuelled road vehicles account for about 94 per cent of CO emissions from 
transportation sources. Diesel-fuelled trucks and air, marine and rail sources account for the 
remaining CO emissions from transportation sources. 

Elevated ambient concentrations of CO result in a number of adverse health effects including: 
increased risk of heart attacks, aggravation of symptoms of cardiovascular disease, decreased 
work capacity, impaired vigilance and abnormal fetal development. 

2.4.4 Carbon dioxide (CO,) 


CO, is another by-product of combustion of carbon-based fuels. 


CO, emissions from transport vehicles account for between 25 and 30 per cent of total CO, 
emissions. 


CO, is the main greenhouse gas, accounting for more than 60 per cent of the cumulative 
climate effect of anthropogenic emissions (IPCC,1990; Allen,1990). If atmospheric 
concentrations are to be stabilized at current levels, a reduction in the global level of CO, 
emissions of greater than 60 per cent is required (IPCC, 1990). 
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2.4.5 Diesel particulate 
Diesel particulates are a component of diesel exhaust. 


Transportation sources account for almost two-thirds of total diesel fuel oil consumption in 
Ontario (Statistics Canada, 1989), and could be expected to account for a comparable 
proportion of diesel particulate emissions. 


Diesel particulate consists of approximately 65 to 80 per cent carbon (soot) (USEPA, 1984), 
10 to 20 per cent sulphates (Weaver, Miller and Nelowet, 1984) and polycyclic aromatic 
hydrocarbons (PAHs). Soot is a major cause of smog. Sulphates contribute to acid 
precipitation. A number of PAHs found in diesel particulate are known and suspected 
carcinogens and mutagens. 


2.4.6 Sulphur oxides (SO,) 


While transportation sources account for only 2 to 3 per cent of all SO, emissions’, they are 
included here for the sake of completeness. SO, emissions are the primary cause of acidic 
precipitation. 


2.5 Determinants of emissions 


The emissions factors for sulphur dioxide (SO,), oxides of nitrogen (NO,), particulates, carbon 
monoxide (CO), and volatile organic compounds (VOC) in 1985 were provided by the Air 
Resources Branch of the Ontario Ministry of Environment. The carbon dioxide (CO,) 
emissions factors are from Environment Canada (1990). The Air Resources Branch does not 
forecast emission factors—emission factors for future years were obtained from Environment 
Canada. 


SO, emissions from the transportation sector are determined largely by the sulphur content of 
the fuel. SO, emissions factors for road vehicles are based on an average sulphur content in 
gasoline of 0.03 percent by weight and in diesel of 0.22 percent by weight. 


Most of the particulates that are emitted from transportation sources come from the tires and 
brake linings of road vehicles. Particulates are also emitted in the exhaust from diesel engines. 


The NO,, CO, and VOC emissions factors depend on the type of emissions control equipment 
on the fleet, the temperature (season), and whether the vehicle-kilometres travelled (VkmT) 
are accumulated during cold start and warm-up of the engine (primarily urban driving) or 


2 The main sources of SO, are coal-fired power plants and non-ferrous ore smelters. 
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when the engine is warmed up (primarily highway driving). Emissions factors were calculated 
using the MOBILE4C computer program. They are average annual values that take into 
account the emissions control equipment of the Ontario fleet, seasonal temperatures, and the 
split between urban and highway driving. Emissions factors are generally lower in the 
summer than the winter and lower during highway driving than during urban driving. 


Carbon dioxide emissions factors depend on the carbon content of the fuel. CO, emissions 
factors are based on the assumption that all of the carbon emitted when the fuels are burned 
combines with oxygen in the atmosphere to become CO,. 


2.6 Projections of emissions 


Emissions forecasts for CO, and SO, in 1990, 1995, 2000, and 2005 were estimated from 
projected fuel use, since the carbon and sulphur content of the fuel determine emissions. 
VOCs, NO,, CO and particulate emissions for these years were estimated based on projected 
vehicle kilometres travelled (VkmT), since emissions of these is largely determined by 
regulatory standards set on the basis of distance travelled. The baseline emission projections 
account for changes in the emissions factors for each forecast year which reflect new 
emissions standards and fleet turnover. 


The emissions factors used in the forecasts are as follows: 


SO, emissions factors are held constant through to 2005 at the 1985 levels. SO, 
emissions factors are largely determined by the sulphur content of the fuel used. 
Environment Canada published its intention to regulate the sulphur content in diesel fuel 
under the Environmental Protection Act in the June 30, 1990 Canada Gazette, Part I. The 
regulation under consideration will limit the sulphur content of diesel fuel to 0.05 percent 
by weight, effective October 1, 1993. If the regulation is promulgated, the sulphur content 
of diesel fuel will fall substantially from its current average of 0.22 percent by weight, 
and SO, emissions factors for diesel engines will drop sharply. As a result, SO, emissions 
from transportation sources would decline by 40 to 45 percent from the baseline 2005 
projection. Further reductions in SO, emissions will be achieved by measures that reduce 
the amount of fuel that is consumed. 


Particulate emissions factors are also kept constant over the forecast horizon at 1985 
levels. Few changes are anticipated in the amounts of particulate emitted as a result of 
tire and brake lining wear. However, any reduction in the sulphur content of diesel fuel 
will result in a reduction in particulate emissions from diesel engines as well. In addition, 
increasingly stringent particulate standards for diesel-powered road vehicles are scheduled 
to come into effect between 1990 and 1994. The combination of limits on the sulphur 
content of diesel and stringent diesel particulate standards will greatly reduce any 
environmental damage that is caused by diesel particulate. Further reductions in 
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particulates will be achieved by measures that result in reductions in the number of 
VkmT by road vehicles or the amount of fuel consumed. 


NO,, CO and VOC emissions factors used in the forecasts for road vehicles were 
obtained from Environment Canada. They are the same emissions factors as those used 
for the forecasts in the Federal/Provincial Management Plan for Nitrogen Oxides (NO,) 
and Volatile Organic Compounds (VOCs) (March, 1990). The emissions factors show 
substantial declines between 1985 and 2005. These declines are the result of more 
stringent emissions standards that came into effect in September, 1987 (i.e., for the 1988 
model year) for passenger cars and light trucks and in 1990 for heavy duty trucks and 
buses. As more of the motor vehicles that were manufactured prior to the implementation 
dates of the new standards are retired from the active fleet, the fleet average emissions 
factors will decline. Further reductions in emissions of NO,, CO and VOCs from road 
vehicles will be achieved by measures that reduce the number of VkmT and by more 
stringent emissions standards. 


The NO,, CO and VOCs emissions factors used in the forecasts for railroads, aircraft, and 
marine sectors are kept constant to 2005 at the 1985 levels. 


CO, emissions factors used in the forecasts are held constant for all fuel types. Since CO, 
emissions factors are based on the carbon content of fuels, the only measures that are 
effective in reducing CO, emissions are those that result in a reduction in the amount of 
carbon-based fuels that are consumed. 


The baseline forecasts do not include the effects of measures that are under consideration for 
implementation before 2005 but for which effective dates and the details have not been 
announced. Some of the measures excluded from the baseline include: 


more stringent emissions standards which are being considered by Transport Canada for 
the mid-1990’s 


fuel economy standards like, for example, U.S. Corporate Average Fuel Economy 
standards 


motor vehicle inspection and maintenance programs. 


Emissions production is usually calculated from the energy demand equation (1) above. All of 
the emissions of concern to this study, emitted from transportation sources, are directly 
proportional to either Energy Consumption or Amount of Activity: 


Emissions Production = Emissions/Unit of Energy * Amount of Energy [2] 
Or 
Emissions Production = Emissions/Unit oj Activity * Amount of Activity [3] 
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The baseline emissions forecasts are summarized in Table 2-5. 


Table 2-5 
Baseline emissions quantities forecasts for Ontario’s transportation sector (kt/a) 


Emission Type 


er 42 281 44 034 48 283 51 208 54 712 


2.7 Comparison of emission projections with other estimates 


As a result of using lower base quantities during 1985 for diesel-powered road vehicles than 
those used by the MOE Air Resources Branch, the emissions quantities for the 1985 baseline 
are lower than the Air Resources Branch’s. The baseline emissions forecasts are also lower 
than the Environment Canada forecasts in the Federal/Provincial Management Plan for 
Nitrogen Oxides (NO,) and Volatile Organic Compounds (VOCs) (March, 1990). Environment 
Canada used even higher base quantities during 1985 for diesel-powered road vehicles than 
did the Air Resources Branch. Environment Canada’s growth factors were also substantially 
higher than those used by the National Energy Board, or the MENY model. 


The quantity of SO, emissions are shown as growing steadily. However, as described above, a 
relatively simple “technical fix’—limits on the sulphur content of diesel fuel—is under 
consideration and, if implemented, will result in a substantial reduction in SO, emissions. In 
any Case transportation sources account for only about two to three percent of all SO, 
emissions. 


Particulate emissions are also shown as increasing to 2005. However, measures to control the 
fraction of total particulates which are considered the greatest threat to the environment, those 
emitted by diesel-powered road vehicles, have been implemented. Neither SO, nor particulate 
emissions from transportation sources are expected to present serious problems in 2005. 


14 


NO,, CO and VOC emissions are all shown as decreasing steadily until 2000 and then 
Starting to increase by 2005. By the year 2000 virtually all of the motor vehicles 
manufactured prior to the effective dates of the latest emissions standards will have been 
retired from the active fleet and the fleet average emissions factors will have levelled off. 
Fuel consumption and its direct correlate, CO, emissions, are expected to grow steadily under 
the assumptions of the baseline forecasts. In the absence of more stringent emissions 
standards total NO,, CO and VOC emissions will start to increase after 2000 with any 
increase in VkmT. With the exception of more stringent emissions standards, all of the : 
measures aimed at reducing emissions will also result in less fuel consumption and vice versa. 
More stringent emissions standards will be included as a measure in all of the strategies, but 
the focus of the strategies will be on measures that reduce fuel consumption and CO, 
emissions. This approach will ensure that any strategies that are formulated to meet fuel 
consumption and CO, reduction goals will also result in maximum reductions of other 
emissions. 


Table 2-6 
Estimates of annual CO, emissions production in Ontario 


ase on aes [ao [oe 
[te [nse | toe | ame aan | a 
= | PC 
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* “Other” includes motorcycles, school buses and recreational vehicles. 
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3 Measures and actions for reducing 
energy use and emissions 


Reducing the quantity of energy used in, or reducing the quantity of emissions released from 
Ontario’s transportation systems can be accomplished in a wide variety of ways. To assist in 
the conceptualization and organisation of these ways, it is helpful to think of them in terms of 


e actions and 


° policy or program measures. 


Actions are activities which result in reduced energy use or in emission reductions. 


Policy or program measures are government initiatives aimed at encouraging taking actions 
which reduce energy use or emissions. An example will help clarify the distinction between 
actions and measures. “Driving fuel efficient automobiles, rather than inefficient ones” is an 
action that will reduce the amount of fuel burned; government may implement measures, like 
regulating new car fuel economy or imposing a fuel tax to encourage or require automobiles 
rated at less than, say, 7 L/100 km, and to prohibit or discourage the purchase or use of 
automobiles requiring in excess of 7 L/100 km. 


The target for provincial policy or program measures varies, depending on the desired action. 
For example, efforts to reduce fuel use by automobiles might use a regulatory measure to 
require that the average of all cars sold meets a certain target; expansion of a public transit 
system might be encouraged by increasing grants to municipalities for transit development; 
improving truck fuel efficiency might be promoted through education and training programs 
on the importance of driving habits, and potential economic savings associated with the use of 
air deflectors. 


16 


3.1 Available policy options 


Governments can undertake three types of policy or program measures to encourage actions 
to reduce energy use or emissions: 


* increase information on choices available, with the aim of encouraging people to make 
the choice that achieves the policy objective 


¢ alter the incentives for making choices 
e change the range of choices available. 
Examples of each of these are presented in Table 3-1.? 


Table 3-1 
Program or policy measures—levers for encouraging actions 


Type of policy or program Effect of measure Example measures 

measure 

Attitudinal/informational Increase awareness of Publicize opportunities for . 
measures to increase available choices car pooling 


information on the choices 


available Provide information on the Report on the greenhouse 


implications of available impact of automobile travel 
choices versus transit 


Economic and related Decrease costs Provide rebates on vehicles 
measures which alter using alternative fuels ~ 


incentives for makin 
; é Increase costs Implement a fuel tax based 
choices 
on CO, released 


Regulation and related Increase the choices Require that communities 
measures which change the | available provide public transit 
range of choices service 


Decrease the choices Eliminate automobiles with 
available high emission levels 


3 A detailed list of potential actions and measures is appended (Appendix A). 
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3.2 Evaluating measures and actions 


Actions, and measures that lead to actions, can be evaluated by assessing them against four 
factors: 


¢ their potential to reduce energy use or emissions 
¢ the ease of their implementation 
¢ distributional considerations 


¢ their effectiveness and the reasons for them being effective. 


3.2.1 Potential energy savings or emissions reductions 


A key consideration in evaluating measures or actions must be how much energy they can be 
expected to save, or the extent to which they can reduce emissions. Assessing the potential of 
an action requires a clear understanding of what the objective is. This may incorporate very 
specific components, beyond just reducing the total number of gigajoules used in 
transportation or the grams of emissions produced by the transportation sector. These 
components may include: 


¢ the time frame over which energy reductions are to be achieved 

e the time frame over which emissions reductions are to be achieved 

e the specific types of transportation fuels that are to be reduced 

* the specific types of emissions that are to be reduced 

¢ the temporal or geographic distribution of reductions, since “problems” may be restricted 
to certain times and places particularly for some emissions (e.g. NO, and VOC emissions 


are of particular concern during the summer in southern Ontario). 


In principle, determining which of these (or other) considerations is relevant will depend on 
the specific objectives to be achieved. 


For the purposes of this study, the focus is on measures that have an effect over the next 
fifteen years, and which affect primarily CO, emissions. The focus on CO, reflects the fact 
that a regulatory agenda has already been set out that will significantly reduce emissions of 
most of the other compounds considered. In contrast, reducing greenhouse gases, including 
CO,, has only been discussed. Since CO, releases are highly correlated with energy use, 
particularly in the petroleum dependent transportation sector, the concern with reducing CO, 
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is almost synonymous with reducing energy use. Further since the greenhouse effect is a 
global problem, and energy supply is a provincial one, geographic or temporal variations are 
of secondary importance. 


3.2.2 Ease of implementation 


Determinants of the ease of implementation might be thought of as the same factors that 
affect the “uptake” or “penetration” of the action. The purpose of measures is to modify those 
factors so as to increase the uptake. 


Among the components that will affect the ease of implementation are: 


* the cost of the action—it is relatively easier for governments to promote actions with 
lower costs than ones with higher cost. 


¢ the cost of the measure—how much will it cost to implement the measure (as distinct 
from the action it is intended to bring about)? 


¢ jurisdictional considerations—the ability to introduce a measure to promote particular 
actions will be affected by jurisdictional responsibility. Legislation assigns specific 
responsibilities and powers to each level of government, and some measures will be more 
or less available to any particular level of government. 


e  inertia—some measures will have considerable inertia to overcome before they can be 
introduced. In some cases this will relate to the time to introduce the change (e.g. to turn 
over a fleet, or to change urban design). In others it will relate to reluctance to turn away 
from standard procedures or accustomed lifestyles. 


¢ — social response—measures which have widespread support, or which are responding to a 
problem which is widely recognized as serious, are more likely to be easy to implement. 


The total effect of a measure or program may be thought of as the product of the technical 


potential and the ease of implementation. It is the product of these two factors that will 
determine the attractiveness of the measures. 
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3.2.3 Distributional considerations 


In addition to what effect a measure will have, governments will also be concerned about who 
the measure affects: how the effects are distributed. This relates to other objectives of 
government, particularly the desire to be fair and equitable. 


Measures will inevitably affect some sub-set of society more than others. Governments will 
inevitably need to assess measures to determine: 


¢ is the sub-group affected most the one contributing most to the problem the measure is 
trying to address? 


¢ is the benefit of the effect of the measure’s adoption likely to exceed the costs borne but 
the affected sub-group, and if so, is the extra burden on the sub-group a reasonable one, 
or are there types of compensation that can be used to offset this burden? 


¢ by affecting a particular sub-group, does the implementation of the measure interfere with 
other social goals, like income redistribution, or regional development? 


For example, studies in Canada have shown that low-income families spend a higher 
proportion of their income on direct energy purchases than higher income families and they 
tend to be the least informed about energy efficiency issues and least able to make 
investments in increased efficiency (Robinson, 1989). 


3.2.4 Effectiveness—how and why 


Finally, consideration must be given to the reasons why measures are required at all; why the 
actions are not being adopted spontaneously, if they are worthy of adoption, and what these 
reasons say about the types of measures that are likely to be effective: information measures, 
economic measures, or regulatory measures. 


Information measures 


In Table 3-1, it was noted that information measures can provide information about available 
choices, or about the implications of choices. It is obvious that these kinds of measures are 
only going to be effective where consumers do not have accurate information (and the 
information provided by the measure is considered by the recipients to be accurate), or where 
their preferences can be swayed by moral suasion. 


In addition, information measures will have a very important role to play in support of other 
economic or regulatory measures which change the decision environment. 
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Economic measures 


Economic disincentives (like fuel taxes, or gas guzzler taxes) serve to change the choice 
environment to favour (or increase the favour of) some choices over others. To the extent that 
users of transportation are sensitive to prices in their choice of mode or technology, and 
behave in an economically rational manner, economic measures will lead to changes in energy 
using patterns (and hence emissions). Economic disincentives are particularly appropriate 
where there may be social or environmental costs that are not recognized by the market 
(externalities). For example, a tax could be added to fuels to reflect their relative contribution 
to global warming, thus “internalizing” (some) costs associated with possible climate change. 


Economic incentives may be used to affect the relative attractiveness of choices, by making 
some choices cheaper than other ones, or to overcome certain market imperfections. For 
example, considerable evidence suggests that energy consumers use very high implicit 
discount rates, from several to ten times market rates (Robinson,1989). Of course these 
market rates are themselves often significantly higher than the social discount rate. The 
implication of this is that consumers may not spontaneously adopt energy saving measures 
that are economically attractive, both to the consumer and to society as a whole; additional 
incentives may be necessary to capture the benefits that are possible. 


Similarly, some energy users (or providers of transportation services) may not have ready 
access to credit to invest in more efficient energy equipment: customers may not feel they can 
afford a new, more efficient vehicle; municipalities may feel unable to expand their transit 
operations. 


Regulatory measures 


Finally, regulatory measures may be used to broaden the range of choices available, for 
example by requiring that public transit service be provided, or to constrain the range of 
choice, for example—in the case of automobiles—to new vehicles meeting certain efficiency 
criteria. 


Regulatory measures have been used with particular success in the transportation sector, 
where fuel efficiency standards have been set for automobiles. Standards are a relatively easy 
and reliable method of increasing energy efficiency, however, they are difficult to design in a 
way that gains acceptance from all interested parties (Robinson,1989). 


Regulatory measures may be used to overcome several market failures, including the high 
implicit interest rates mentioned above, and the existence of split incentives. 


Other regulatory measures, ranging from restricting parking and mandating transit tie-ins for 


new developments to gasoline rationing can all play a role depending on the extent of control 
over transportation patterns required and the urgency of the problem. 
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Integrated programs | 


The most effective strategies, or programs of measures are likely to be those that draw on all 
three types of measures discussed above. Such integrated strategies provide the greatest range 
of tools, and measures can be grouped in ways that are mutually supportive. For example, 
information programs can supplement subsidy programs, incentive programs can be structured 
to enhance and make more tolerable regulatory measures. 


3.3 Literature review and summary 


An extensive review of the literature dealing with potentials for energy savings was 
undertaken. The purpose of the review was to identify specific actions or measures that might 
have an effect on CO, emissions, either through fuel switching or reductions in energy 
demand. As part of this review, specific quantitative measures of the potential for Spetey, 
savings were sought.’ 


The literature typically assesses the potential of an action or measure as a percentage of the 
baseline use in the sector or specific application affected by the action or measure. In other 
cases, the potential measured in this way was estimated. The potential impact on overall 
energy use in the transportation sector was estimated by multiplying the potential savings for 
the specific application by the share of total projected transportation energy use attributable to 
the specific application. 


3.4 Grouping of actions and measures 


Many of the items proposed in the literature are very specific or result in very small energy 
savings on their own. These are grouped into more general or broad categories which are 
more appropriate for use in considering their potential from a broadbrush policy perspective. 
Thus all the actions which relate to improving the fuel efficiency of automobiles are 
considered together. Thus measures, like fuel economy standards, are assessed without 
referring to the specific actions (e.g. specific engine modifications) that are adopted in 
response to the measures. 


By grouping the measures, it is possible to consider virtually all of the measures or actions, 
though at a more general level of detail. Only two groups of measures are not considered: 
measures relating to improving the fuel efficiency of aircraft, and rail electrification. The new 
aircraft that are joining the fleet now are much more efficient than existing aircraft (a 767 
uses only about two thirds as much fuel per passenger kilometre as a 737), and fuel efficiency 


* The results of the review and summary of the literature are presented in Appendix A. 
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will be determined by the fleet turnover rate. There is little that Ontario can do to affect 
aircraft fuel economy. Electrification of rail freight transport has often been proposed as an 
energy Saving measures, with savings as high as 68.4 per cent being cited (DPA, 1989). 
However, this too is largely out of Ontario’s jurisdiction. Further, because rail is already quite 
efficient, and is losing ground to truck transport, total savings from electrification are quite 
modest (about 2.5 per cent of 2005 projected energy use). 


The result of the grouping is the measures shown in Table 3-2. Table 3-2 also indicates how 
the effects of these measures are modelled, whether by affecting the demand for 
transportation, the efficiency of transport vehicles, or the unit emissions rate. 


The effects of each measure on energy and emissions are analyzed by evaluating the fuel 
consumption, transportation demand, and emissions rates effects. Each measure is assumed to 
reduce one of these components by a percentage (determined through the literature study). 


MENY’s model provides energy demand and emissions production by mode and year. Since 
most measures usually have mode- and year-specific reduction levels, the high level of 
disaggregation enables modelling of effects on this basis.° 


3.5 Matching measures and actions to strategies 


Matching measures and actions to strategies is done based on a consideration of the effects of 
the measures, and the objectives of the strategies. The objectives of a strategy may be 
expressed in terms of the time-frame over which it is to occur, the types of measures to be 
used to achieve the objective (e.g. regulatory or economic measures), and the costs or lifestyle 
impacts that are acceptable. The next chapter considers various strategies, and the measures 
that are appropriate for each. 


5 Appendix C describes the measures considered, each measure’s assumed effects on consumption, demand or 
emissions rates and, where available, cost information. 
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Table 3-2 
Measures remaining after grouping actions and measures. 


Effect of measure for modelling purposes 


Economic measures Transportation Vehicle Unit 
demand efficiency emissions 


Carbon tax 


Demand reduction 
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4 Strategies for reducing energy use and 
emissions 


4.1 Actions and measures 


Table 4-1 presents the measures considered in the study associated with the appropriate 
action. The actions listed in Table 4-1 are those used to achieve the scenario objectives. The 
measures are grouped into three types: 


e information and education programs which educate and inform the public regarding the 
efficient use of energy and the potential economic and environmental benefits; 


* economic incentives and disincentives which alter the energy use habits of society by 
either rewarding efficient energy use or imposing higher costs on inefficient energy use; 


and 


e Regulatory and related measures which impose required energy efficiency or restrict 
energy use to achieve policy objectives. 


For this study economic and regulatory measures are examined and information and education 
programs are assumed concurrent. 


Je) 


Table 4-1 
Measures associated with selected actions 


Action Information & education Economic incentives & Regulatory and related 
programs disincentives measures 


Improve automobile ° Public education 

technology 
related effects, the 
importance of energy 
conservation and the 
importance of vehicle 
selection in helping to 
solve the problem. 
¢ Labelling of energy and 
emissions performance for 
all vehicles. 


¢ Public education on the 
availability and 
effectiveness of energy 
saving technologies, and 
their economic and 
environmental benefits 


Improve truck technology 


° Public education 
conceming greenhouse and 
related effects, the 
importance of energy 
conservation and the 
importance of mode 
selection in helping to 
solve the problem. 


Encourage urban 
automobile shift to transit 


26 


conceming greenhouse and 


¢ Licence/tax surcharge on 
vehicles based on energy 
performance, e.g. extend 
gas guzzler tax to other 
vehicle purchases, based on 
energy and emissions. 

¢ Rebates for early trade-in 
of older vehicles. 

¢ Increased tax on 
fuels/carbon taxes. 


e Licence/tax surcharge on 
vehicles based on energy 
performance, or use of 
energy saving technologies, 
e.g. penalties for vehicles 
not using air deflectors and 
gas guzzler taxes. 

* increase tax on 
fuels/carbon taxes. 


* Incentives or requirements 
for businesses to assist 
transit by locating near 
stations. 

Communications equipment 
to improve service. 

e Private investment in 


transit. 

¢ Extend tax exemptions to 
energy-efficient practices 
(employer economic 
incentives to employees for 
taking transit, e.g. transit 
passes as an employee 
benefit) 

e Increased subsidy to — 
transit to improve service, 
while maintaining or 
lowering fares 

° Capital investment in 
transit expansion 

¢ Road fees (e.g. toll roads) 


¢ Mandatory efficiency 
levels for all vehicles, eg. 
new CAFE standards. 


¢ Mandate efficiency levels 
for all vehicles, by class. 


° mandate transit 
efficiency and convenience 
improvements, park and 
ride, express service, 
service expansion, reserved 
lanes or exclusive ROWs 
for transit vehicles, fare 
incentives, shelters, etc. 

* require transit integration 
into new developments 

° restrict private vehicle 
access through parking 
controls, access limitations 
or other means 

¢ simplify regulatory 
approval of transit 
developments through 
exemptions or streamlining 
of approvals process. 


Table 4-1 


Measures associated with selected actions 


Information & education Economic incentives & Regulatory and related 
programs disincentives measures 


Change urban land-use 
management/zoning 


Improve urban automobile 
traffic management 


Improve automobile 
maintenance 


Reduce automobile travel 


Substitute communications 
for transportation 


* Provide information on 
the environmental benefits 
of higher density 
development, and provide 
demonstrations showing 
that higher density and a 
high quality of life are 
compatible. 


¢ Set property taxes to 
include the environmental 
costs associated with the 
surrounding land use 
patterns, e.g. higher for low 
density development, and 
lower for high density 
development. 

° Provide economic 
incentives for integrating 
development with public 
transit. 


¢ Provide information on 
benefits of off-peak travel. 
¢ Provide real-time 
information on traffic 
conditions and alternate 
routings. 


* Institute road pricing. 


* Incentives/rebates for 
good maintenance records. 


e Provide information on 
the benefits of improved 
vehicle maintenance, and 
on actions that vehicle 
owners can take to ensure 
their vehicles are operating 
efficiently. 

e Provide clinics to test 
vehicle emissions and fuel 
efficiency. 


¢ Tax on fuels/carbon taxes. 
¢ Increased subsidy to 
transit to improve service, 
while maintaining or 
lowering fares 

e Road fees (e.g. toll roads) 
¢ Capital investment in 
transit expansion 


¢ Advise on trip planning 


¢ Tax on fuels. 

¢ Provide for accelerated 
depreciation of 
communications equipment, 
and reduce or eliminate 
taxes on communications 
services. 

¢ Subsidize home 
shopping/work at home. 


e Provide information and 
education on the benefits of 
the use of communications 
and on actions that people 
can take to better utilize 
communications systems 
efficiently. 


¢ Set minimum density 
levels that will reduce the 
need for automobile travel 
by making walking, 
bicycling and public transit 
viable alternatives. 

¢ Encourage mixed use 
developments. 

¢ In new developments, 
require that ROWs be set 
aside for transit and 
bicycles. 


¢ Remove constraints and 
‘encourage HOV lanes, 
traffic signal coordination, 
controlled access to 
freeways, etc. 

e One way streets. 


¢ Require regular vehicle 
inspection and action 
where poor performance is 
detected. 


¢ Restriction on how much 
each person can drive 
(rationing). 

e Restrictions on where 
one can drive (or park). 

¢ Restrictions on when one 
can drive. 


e Change municipal by- 
laws to permit non- 
disruptive work in 
residential areas. 

* Require the use of 
communications in 
government business 
transactions. 
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4.2 Scenarios and objectives 


Table 4-2 presents the base case and the four scenarios examined. Three different strategies 
are applied to each scenario. The first strategy for each scenario uses only economic 
instruments to achieve the scenario objectives. The second uses only regulatory instruments, 
and the third uses a combination of both economic and regulatory instruments to achieve the 
strategy’s objectives. Each strategy uses a combination of measures to achieve the scenario 
objective. 


The base case consists of the forecasted energy use, fuel efficiency, demand for transportation 
and emissions from the Ontario transportation sector beginning in 1988 and every five years 
from 1990 to 2005. 


4.2.1 Actions economically attractive to society 

A total of four scenarios were developed. Actions economically attractive to society are those 
actions which improve fuel efficiency and reduce emissions from the transportation sector at a 
net economic benefit to society. For the purposes of this study it is assumed that the measures 
selected for this scenario do not impose lifestyle changes. The measures considered for the 


three strategies used to achieve the scenario objective include: 


¢ improving passenger vehicle fuel efficiency by 20 per cent and truck fuel efficiency by 
10 per cent through the imposition of tougher CAFE standards; 


* a moderate increase in the public transit share to 13 per cent; 


¢ implementation of traffic management measures improving urban fuel efficiency 5 per 
cent; 


* improved automobile and truck inspection and maintenance resulting in a 5 per cent 
increase in fuel efficiency; and 


¢ incentives for the greater use of communications reducing private and public passenger 
vehicle demand by 5 per cent. 
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4.2.2 Zero growth in carbon dioxide emissions relative to 1988 by 2000. 


The effects of this scenario were examined to 2005. The primary objective of this scenario is 
to select measures which achieve 1988 carbon dioxide emission levels by 2000. The cost of a 
measure is considered only when a choice between measures could be made. In such 
instances, if both measures can achieve the objective the least cost measure is selected. The 
measures considered include: 


* improve passenger vehicle fuel efficiency by 26 per cent and truck fuel efficiency by 13 
per cent through the imposition of tougher CAFE standards; 


¢ a realistic increase in the public transit share to 16 per cent; 


¢ implementation of urban traffic management measures improving urban fuel efficiency 5 
per; 


* improved automobile and truck inspection and maintenance resulting in a 5 per cent 
increase in fuel efficiency; 


* restrictions on passenger motor vehicle use reducing travel demand 5 per cent; and 


¢ imposition of a carbon tax resulting in a 16 per cent improvement in fuel efficiency and a 
3 per cent reduction in travel demand. 


4.2.3 Twenty per cent reduction in carbon dioxide emissions from 1988 levels by 2005 
at the least cost 


The third scenario is the achievement of the objective of a 20 per cent reduction in carbon 
dioxide emissions from 1988 levels by 2005 at the least cost. The measures selected for each 
strategy to achieve this scenario are those measures which in combination achieve the 
objective at the lowest cost to society. The measures considered include: 
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* improving passenger vehicle fuel efficiency by 32 per cent and truck fuel efficiency by 
14 per cent through the imposition of tougher CAFE standards; 


* an optimistic increase in the public transit share to 22 per cent; 


° implementation of urban traffic management measures ee urban fuel efficiency 5 
per cent; 


¢ improved automobile and truck inspection and maintenance resulting in a 5 per cent 
increase in fuel efficiency; 


¢ better urban land use planning reducing urban travel demand by 10 per cent; 


* — restrictions on passenger motor vehicle use reducing travel demand from between 20 and 
30 per cent; and 


¢ imposition of a carbon tax resulting in a 38 per cent improvement in fuel efficiency and a 
5 per cent reduction in travel demand. 


4.2.4 Twenty per cent reduction in carbon dioxide emissions by 2005 relative to 1988, 
best position for achieving a 60 per cent reduction in the future 


The fourth scenario is similar to the third scenario except that cost is not considered. A 
parallel objective of this scenario is the positioning of the transportation sector to ensure that 
the reductions in carbon dioxide emissions necessary to stabilize atmospheric carbon dioxide 
concentration are achievable. The measures considered include: 


¢ improving passenger vehicle fuel efficiency by 32 per cent and truck fuel efficiency by 
14 per cent through the imposition of tougher CAFE standards; 


¢ an optimistic increase in the public transit share to 22 per cent; 


¢ implementation of comprehensive urban traffic management measures improving urban 
fuel efficiency 10 per cent; 


¢ improved automobile and truck inspection and maintenance resulting in a 5 per cent 
increase in fuel efficiency; 


e large changes in urban land use planning reducing urban travel demand by 15 per cent; 


e restrictions on passenger motor vehicle use reducing travel demand 20 per cent; and 
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¢ imposition of a carbon tax resulting in a 38 per cent improvement in fuel efficiency and a 
10 per cent reduction in travel demand. 


4.3 Strategies considered for each scenario 


A total of 12 strategies, three for each scenario, were developed. Each strategy contains those 
measures which best achieve the scenario objective: Table 4-3 presents the measures used by 
strategy and scenario. A total of 21 measures are selected based on two different actions: 
improve motor vehicle efficiency; and reduce passenger vehicle travel. The 21 measures are a 
breakdown of nine measures based on the degree of effectiveness of each measure. For 
example, urban land use management reduces urban private and public vehicle travel demand 
10 or 15 per cent depending on the extent which the measure is adopted. The first 12 
measures in Table 4-3 utilize economic instruments and the remaining 9 measures are 
regulatory instruments. 


A complete description of each measure is found in Appendix C. 


4.4 Results 


Results for each strategy by scenario are presented in Table 4-4. For each strategy a 
combination of economic or regulatory, or both, measures are selected which achieve the 
scenario objective. The differences in the effectiveness of each strategy in achieving a 
scenario objective reflects the different mix of measures used to achieve the scenario 
objective and does not indicate the superiority of one strategy over another. 


4.4.1 Actions economically attractive to society 


The actions economically attractive to society are those which provide a social economic 
benefit without imposing lifestyle changes. As such, although other more ambitious measures 
which are economically attractive are available the measures selected for this scenario impose 
minimal change on society. 
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Economic measures 
The economic measures used in this strategy and their effect are as follows: 


* subsidies and incentives for public transit leading to a moderate increase of the transit 
share of urban transportation to 13 per cent for the province and a 5 per cent reduction in 
urban travel demand; and 


* incentives for the use of communications rather than transportation resulting in a 5 per 
cent decrease in urban and inter-city travel demand. 


The estimated energy savings and emissions reduction are small using these economic 
measures. Energy use will increase by 141 Pj/a from 1988 and carbon dioxide emissions will 
increase by about 10 million t/a. 


Regulatory measures 
The regulatory measures used in this strategy and their effect are as follows: 


e new CAFE standards for private motor vehicles and trucks resulting in a 20 per cent 
reduction in passenger vehicle fuel consumption and 10 per cent reduction in truck fuel 
consumption by 2005; 


e urban traffic management measures resulting in a 5 per cent reduction in urban private 
and public vehicle fuel consumption; and 


¢ regular inspection and maintenance of passenger vehicles resulting in a 5 per cent 
reduction in fuel consumption. 


Energy use is estimated to increase 34 PJ/a from 1988 resulting in a 2 million t/a increase in 
carbon dioxide emissions from 1988 levels using regulatory measures. The regulatory strategy 
results in no change from base case emissions levels for particulate matter, VOCs, nitrogen 
oxides and carbon monoxide since the regulatory measures used are not expected to effect the 
vehicles kilometres travelled from which emissions levels for these contaminants is estimated. 
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Economic and regulatory measures 
The economic and regulatory measures used in this strategy and their effect are as follows: 


¢ subsidies and incentives for public transit leading to a moderate increase of the transit 
share of urban transportation to 13 per cent for the province and a 5 per cent reduction in 
urban travel demand; 


¢ incentives for the use of communications rather than transportation resulting in a 5 per 
cent decrease in urban and inter-city travel demand; 


e new CAFE standards for private motor vehicles and trucks resulting in a 20 per cent 
reduction in passenger vehicle fuel consumption and 10 per cent reduction in truck fuel 
consumption by 2005; 


¢ urban traffic management measures resulting in a 5 per cent reduction in urban private 
and public vehicle fuel consumption; and 


¢ regular inspection and maintenance of passenger vehicles resulting in a 5 per cent 
reduction in fuel consumption. 


Energy use is estimated to increase by about 4 PJ/a resulting in an overall increase in carbon 
dioxide emissions of about 500 thousand t/a from 1988 levels using a combination of 
economic and regulatory measures. The adoption of these measures would also achieve the 


second scenario objective of a zero per cent increase in carbon dioxide emissions by 2000 
relative to 1988. 


4.4.2 Zero per cent increase in carbon dioxide emissions by 2000 relative to 1988 
The measures selected to achieve a zero per cent increase in carbon dioxide emissions by 
2000 relative to 1988 differ from those which are economically attractive in the extent to 
which measures are implemented. 

Economic measures 


A single economic measure is used in this strategy: 


¢ carbon taxes which result in an 18 per cent reduction in fuel consumption and a 3 per 
cent reduction in travel demand by 2000. 
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The estimated energy use and emissions achieve the scenario objective by 2000. The 
estimated energy use and carbon dioxide emissions reduction in 2005 increases from 2000 to 
above 1988 levels by 32 PJ/a and 2 million t/a of carbon dioxide. 


Regulatory measures 
The regulatory measures used in this strategy and their effect are as follows: 


* new CAFE standards for private motor vehicles and trucks resulting in a 26 per cent 
reduction in passenger vehicle fuel consumption and 13 per cent reduction in truck fuel 
consumption by 2000; 


¢ urban traffic management measures resulting in a 5 per cent reduction in urban private 
and public vehicle fuel consumption; 


e regular inspection and maintenance of passenger vehicles resulting in a 5 per cent 
reduction in fuel consumption; and 


* restrictions on passenger vehicle travel resulting in a 5 per cent reduction in passenger 
vehicle travel. 


The estimated energy savings and emissions reductions achieve the scenario objective by 
2000 and maintains energy use and carbon dioxide emissions at 1988 levels through to 2005. 
By 2005 energy use is estimated to increase by 11 PJ/a resulting in a 600 thousand t/a 
increase in carbon dioxide from 1988 levels. 


Economic and regulatory measures 

The economic and regulatory measures used in this strategy and their effect are as follows: 

e subsidies and incentives for public transit leading to an increase to 16 per cent of urban 
transportation provided by transit modes for the province and an 8 per cent reduction in 
urban travel demand; 

* new CAFE standards for private motor vehicles and trucks resulting in a 26 per cent 
reduction in passenger vehicle fuel consumption and 13 per cent reduction in truck fuel 


consumption by 2000; 


e urban traffic management measures resulting in a 5 per cent reduction in urban private 
and public vehicle fuel consumption; 


37 


* restrictions on passenger vehicle travel resulting in a 5 per cent reduction in passenger 
vehicle travel. ; 


The estimated energy savings and emissions reductions achieve the scenario objective by 
2000 and maintains energy use and carbon dioxide emissions at 1988 levels through to 2005. 


By 2005 energy use is estimated to increase by 3 PJ/a resulting in a negligible increase in 
carbon dioxide from 1988 levels. 


4.4.3 Twenty per cent reduction in 1988 carbon dioxide emissions by 2005 

The results by strategy to achieve a 20 per cent reduction in carbon dioxide emissions by 
2005 relative to 1988, at least cost, are presented below. 

Economic measures 

A combination of two economic measures are used in this strategy: 


¢ carbon taxes which result in a 38 per cent reduction in fuel consumption and a 5 per cent 
reduction in travel demand by 2000; and 


¢ subsidies and incentives for public transit leading to a 22 per cent transit mode share for 
the province and a 14 per cent reduction in urban travel demand. 


The estimated energy savings and emissions reductions achieve the scenario objective for 

2005 of a 20 per cent reduction of 1988 carbon dioxide emission levels. It is estimated that 

about 145 PJ/a of energy is saved reducing carbon dioxide emissions by about 9 million t/a 

from 1988 levels. 

Regulatory measures 

The regulatory measures used in this strategy and their effect are as follows: 

¢ new CAFE standards for private motor vehicles and trucks resulting in a 32 per cent 
reduction in passenger vehicle fuel consumption and 14 per cent reduction in truck fuel 


consumption by 2000; 


¢ urban land use management measures resulting in a 10 per cent reduction in urban travel 
demand; 
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urban traffic management measures resulting in a 5 per cent reduction in urban private 
and public vehicle fuel consumption; 


* regular inspection and maintenance of passenger vehicles resulting in a 5 per cent 
reduction in fuel consumption; and 


* restrictions on passenger vehicle travel resulting in a 30 per cent reduction in passenger 
vehicle travel. 


The scenario objective was achievable only through restricting passenger vehicle travel by 30 
per cent which exceeds the 5 per cent restriction on passenger vehicle travel estimated as 
attainable without imposing significant lifestyle changes. The estimated energy savings and 
emissions reduction with the increased restriction on passenger travel achieves the scenario 
objective for 2005. The amount of energy saved is about 127 PJ/a, reducing carbon dioxide 
emissions by about 9 million t/a from 1988 levels. 


Economic and regulatory measures 
The economic and regulatory measures used in this strategy and their effect are as follows: 


e subsidies and incentives for public transit leading to a 22 per cent transit mode share for 
the province and a 14 per cent reduction in urban travel demand; 


¢ new CAFE standards for private motor vehicles and trucks resulting in a 32 per cent 
reduction in passenger vehicle fuel consumption and 14 per cent reduction in truck fuel 
consumption by 2000; 


e urban traffic management measures resulting in a 5 per cent reduction in urban private 
and public vehicle fuel consumption; 


¢ regular inspection and maintenance of passenger vehicles resulting in a 5 per cent 
reduction in fuel consumption; and 


e restrictions on passenger vehicle travel resulting in a 20 per cent reduction in passenger 
vehicle travel. 


The scenario objective was achieved through restricting passenger vehicle travel by 20 per 
cent which exceeds the 5 per cent restriction on passenger vehicle travel estimated as 
attainable without imposing significant lifestyle changes. The strategy reduces carbon dioxide 
emissions by about 8 million t/a from 1988 levels. An estimated 292 PJ/a of energy is saved 
from 1988 base year energy use. 
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4.4.4 Twenty per cent reduction in 1988 carbon dioxide emissions by 2005, best 
position for achieving a 60 per cent reduction in the future 


The results by strategy to achieve a 20 per cent reduction in carbon dioxide emissions by 
2005 relative to 1988, best position for achieving a 60 per cent reduction in the future, are 
presented below. 

Economic measures 


A total of three economic measures are used in this strategy: 


¢ carbon taxes which result in a 38 per cent reduction in fuel consumption and a 5 per cent 
reduction in travel demand by 2000; and 


¢ subsidies and incentives for public transit leading to a 22 per cent transit mode share for 
the province and a 14 per cent reduction in urban travel demand. 


¢ incentives for the use of communications rather than transportation resulting in a 10 per 
cent decrease in urban and inter-city travel demand; 


The estimated energy savings and emissions reductions achieve the scenario objective for 

2005. It is estimated that about 171 PJ/a of energy is saved reducing carbon dioxide 

emissions by about 12 million t/a from 1988 base year estimates. 

Regulatory measures 

The regulatory measures used in this strategy and their effect are as follows: 

¢ new CAFE standards for private motor vehicles and trucks resulting in a 32 per cent 
reduction in passenger vehicle fuel cousumEuan and 14 per cent reduction in truck fuel 


consumption by 2000; 


¢ urban land use management measures resulting in a 15 per cent reduction in urban travel 
demand; 


¢ urban traffic management measures resulting in a 10 per cent reduction in urban private 
and public vehicle fuel consumption; 


¢ regular inspection and maintenance of passenger vehicles resulting in a 5 per cent 
reduction in fuel consumption; and 
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* — restrictions on passenger vehicle travel resulting in a 20 per cent reduction in passenger 
vehicle travel. 


The scenario objective was achievable only through restricting passenger vehicle travel by 20 
per cent, exceeding the 5 per cent restriction on passenger vehicle travel estimated as 
attainable without imposing significant lifestyle changes. The estimated energy savings and 
emissions reductions, with the increased restriction on passenger travel, achieves the scenario 
objective for 2005. The restriction on passenger vehicle travel is less than the 30 per cent 
included in Section 4.4.3 because of the energy savings resulting from better land use 
management and urban traffic control. These measures were not used in Section 4.4.3. The 
amount of energy saved from this regulatory strategy is 119 PJ/a, reducing carbon dioxide 
emissions by 8 million t/a from 1988 levels. 


Economic and regulatory measures 


The economic and regulatory measures used in this strategy and their effect are as follows: 


¢ subsidies and incentives for public transit leading to a 22 per cent transit mode share for 
the province and a 14 per cent reduction in urban travel demand; 


¢ incentives for the use of communications rather than transportation resulting in a 10 per 
cent decrease in urban and inter-city travel demand; 


e new CAFE standards for private motor vehicles and trucks resulting in a 32 per cent 
reduction in passenger vehicle fuel consumption and 14 per cent reduction in truck fuel 
consumption by 2000; 


e urban land use management measures resulting in a 15 per cent reduction in urban travel 
demand; 


e urban traffic management measures resulting in a 10 per cent reduction in urban private 
and public vehicle fuel consumption; 


¢ regular inspection and maintenance of passenger vehicles resulting in a 5 per cent 
reduction in fuel consumption; and 


° restrictions on passenger vehicle travel resulting in a 20 per cent reduction in passenger 
vehicle travel. 


The scenario objective was achievable through restricting passenger vehicle travel by 20 per 


cent. The strategy reduces carbon dioxide emissions by about 10 million t/a from 1988 base 
case estimates. An estimated 147 PJ/a of energy is saved from 1988 levels. 
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4.4.5 Summary of results 


The effectiveness of the measures by type of scenario is presented in Figure 1 to Figure 4. 
For actions that are economically attractive to society, combined economic and regulatory 
measures are most effective (Figure 1). All three types of measures are effective in achieving 
a zero per cent increase in carbon dioxide emissions by 2000 relative to 1988 (Figure 2). 
However, regulatory measures appear more effective in maintaining carbon dioxide emissions 
at 1988 levels through to 2005. 


Economic instruments were the most effective in achieving a 20 per cent reduction in carbon 
dioxide emissions by 2005 relative to 1988 scenario objectives (Figure 3 and Figure 4). This 
result is not surprising since the economic strategies applied utilized instruments designed to 
achieve the scenario objectives. For example, to achieve a 20 per cent reduction in 1988 
carbon dioxide emissions by 2005 a carbon tax resulting in a 38 per cent reduction in the 
transportation sector’s fuel consumption by 2005 is required. At present this appears to be an 
ambitious target. 


Alternatively it is difficult to achieve the twenty per cent reduction of 1988 carbon dioxide 
emissions by 2005 utilizing only regulatory instruments. In Section 4.4.3, passenger vehicle 
travel was restricted by 30 per cent to achieve the 20 reduction in carbon dioxide emissions 
by 2005 relative to 1988 scenario target. Such a restriction on travel demand would result in 
significant change in lifestyles. The regulatory strategy for achieving the 20 per cent reduction 
in carbon dioxide emissions, best position for future reductions (Section 4.4.1, 4.4.4) required 
a 20 per cent restriction of passenger vehicle travel (analysis indicated that travel could be 
restricted by about 10 per cent by 2005). The large restriction of travel demand was used to 
achieve the scenario objective. If the more realistic restriction on travel demand originally 
proposed was used regulatory instruments alone could not achieve the objectives of a 20 per 
cent reduction in carbon dioxide emissions. 


Overall, a combination of both economic and regulatory measures more readily achieve all 
the scenario objectives. For example, the combined economic and regulatory instruments mix 
used to analyze actions economically attractive to society (Section 4.4.1, 4.4.4) achieved the 
2000 objective of stable 1988 carbon dioxide emissions target. 
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Energy use for actions economically 
attractive to society in their own right 
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Figure 1 
Actions economically attractive to 
society, energy use and emissions 
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CO2 emissions resulting from a zero per 
cent increase in CO2 emissions by 2000 
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—— Base case Es Economic measures 


pee Regulatory measures Combined measures 


Figure 2 
Zero per cent increase in CO2 emissions 
by 2000, energy use and emissions 
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a2 


Energy use for a 20% reduction in CO2 
emissions by 2005 relative to 1988 at 
least cost 
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Figure 3 
20 per cent reduction in CO2 emissions 
by 2005 at least cost 


Energy use for a 20% reduction in CO2 
emissions by 2005 relative to 1988, best 
position for future reductions 
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Figure 4.4 
20 per cent reduction in CO2 emissions 
by 2005, best position for the future 
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5 Conclusions 


This study provides the following information: 


¢ estimates of current and projected levels of energy use and emissions, assuming no new 
policy initiatives 


* a review of the major actions and measures that can be taken to reduce energy in the 
transportation sector, their cost and effectiveness, when taken alone 


¢ a methodology for assessing the interaction of policy or program measures, and the effect 
of groups of measures (i.e. scenarios) on total energy use and emissions 


* an assessment of twelve scenarios—a regulatory, fiscal and mixed scenario for each of 
four CO, reduction targets. 


Current and projected levels of energy use and emissions 


Ontario used about 615 PJ of energy for transportation in 1988. In the absence of any new 
policy or program initiatives, this can be expected to rise to 794 PJ/a in 2005—almost a 30 
percent increase. Carbon dioxide emissions are expected to increase by the same percentage, 
from 42 million tonnes per annum to 51 million tonnes per annum in 2005. As a result of 
initiatives already taken, emissions of NO,, CO and VOCs are expected to fall to 2000 as a 
result of new regulatory requirements, but after 2000 these will begin to increase again due to 
population growth. 


54 


Major actions and measures 

Eight major measures or groups of measures were ordered: 

e standards for new vehicles 

¢ measures to induce shifts from automobiles to public transit 

¢ economic instruments to stimulate the use of efficient vehicles 

¢ land-use measures to reduce the need for travel, particularly automobile travel 
; traffic management measures 

e inspection and maintenance programs for vehicles 

¢ measures to encourage the use of communications instead of transportation 


e regulatory measures to restrict the demand for transportation services or fuel for use in 
transportation. 


Estimates of the effect of each of these are provided, and in some cases it is possible to 
provide information on the costs and fuel saving benefits of measures, at least relative to the 
base case. 

Methodology for combining measures 

A methodology is presented for combining the effects of various measures making up a 
strategy. The method is based on a very disaggregated analysis, and avoids some of the 
problems posed by the MENY model, in which it is virtually impossible to increase transit 
modal share, or to reduce the demand for travel in the absence of a real decline in the 
standard of living of Ontario residents. 


Assessment of strategies 


Twelve strategies are assessed, representing regulatory, fiscal and mixed approaches to 
achieving four different emissions reductions objectives: 


e targeting CO, emission reductions that can be achieved with no net economic cost 


e stabilizing emissions of CO, by 2000 at 1988 emission levels 
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¢ reducing emissions of CO, by 2005 to 80 per cent of 1988 emission levels at the least 
cost 


¢ reducing emissions of CO, by 2005 to 80 per cent of 1988 emission levels with the 
potential to further reduce CO, emissions after that. 


The analysis suggests that emissions can be stabilized by 2000 to 1988 levels at no or 
minimal cost to society, and-without significant-lifestyle changes. However, achieving more 
dramatic reductions in emissions will not be easy — there may well be economic costs and 
lifestyle changes required. The distribution of these economic costs will result in economic 
benefits to some firms and individuals and economic costs to others. 


The analysis presented here should be seen as a general overview. Considerable additional 
work is required before implementing the measures reviewed including: 


* giving consideration to the distribution of costs and benefits 


¢ providing better geographic resolution of likely effects for measures that are sensitive to 
the geographic setting 


* equity and effectiveness issues related to the choice of regulatory or fiscal mechanisms 
¢ the extent and acceptability of any required lifestyle changes 


¢ implementation issues including timing, and coordination with other governments. 
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Appendix A Detailed information on 
actions and measures 


Appendix A__ Detailed information on 


actions and measures 


The following table presents detailed information about the types of measures and actions that can be 
taken to reduce energy use and emissions from transportation. The information was gathered through 
a review of literature which examined technical measures and policy actions which would either 

reduce the demand for energy or emissions. Where possible the following information was collected: 


type of measure; 

measures energy conserving potential; 
emissions reduction potential; and 
related costs; 


Table A-1 lists these measures and actions by the transportation sector targeted. Where possible the 
Table provides the following information: 


transportation target group; 

type of measure or action taken; 

an example of that measure; 

technical sector energy savings in 2005 (%); 

market sector energy savings in 2005 (%); 

total transportation sector energy savings in 2005 (%); 
estimated economic benefits in $1988; 

capital costs of the measure in $1988; 

annual operation and maintenance costs in $1988; 
total annualized costs in $1988; 

annual net costs in $1988; 

estimated possible emissions reduction; 

additional comments; and 

a reference number indicating from which document the information was obtained. 
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Fuel Switching 


Notes to Table A-1 


1) 
2) 


3) 


4) 


5) 


Technical Sector Energy Savings in 2005 refers to the maximum possible savings (in per 
cent) for the target sector. Blank cells indicate no information available. 

Market Sector Energy Savings in 2005 refers to the likely savings (in per cent) for the 
target sector.’ Under normal, market conditions {ie..absence -of regulation), these savings 
might be expected. Blank cells indicate no information available. 

Total Energy Savings in 2005 refers to the savings (in per cent) of the target sector 
relative to total transportation energy use in Ontario. Blank cells indicate no information 
available. 

Annual Benefits are calculated as millions of 1988 dollars saved. The calculation is made 
by multiplying the Technical Energy Savings by the energy use of the sector in 2005. 
The benefit is the value of the fuel saved in 1988 dollars. Fuel values are based on 
MENY Energy Prices Model. . 

Annual Net Costs are the difference between Annual Costs and Annual Benefits. 
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Appendix B_ Calculation framework 


B.1 Baseline scenario 


Estimates of energy savings and emissions reductions associated with the measures considered 
in this report were assessed using a simple calculation framework consisting of a set of 15 
tables for each strategy considered. The general structure of each table is the same, with 43 
transportation modes shown in rows, and the year affected for each of five years shown in 
columns. Table B-1 presents a simplified example of the table structure. 


The fifteen tables making up a scenario are listed in Table B-2. Table B-2 also indicates how 
these individual tables are used in estimating total energy demand or total emissions. 


Except for passenger automobiles, a full data set is not available, and some of the values are 
shown as dimensionless variables, relative to the 1988 base year. For example, from the 
Ministry of Energy Energy Demand Model, energy use for general freight is presented in 
megajoules per tonne kilometre, and thus vehicle demand is presented in tonne-kilometres, the 
same units as transportation demand—loading is set to 1.0. Similarly, demand for general and 
government aviation, motorcycles, school buses and leisure vehicles is presented in 
megajoules per annum. Consequently, the vehicle efficiency is pace as a dimensionless 
number relative to 1988. 


Table B-4 the base case transportation and energy forecast. The unit emission factors by 


pollutant and transport mode used to calculate baseline emissions are presented in Table B-5. 
Baseline emissions projects are presented in Table B-6. 


B-1 


Table B-1 
Example table, showing transportation modes and years considered 


Urban 
automobiles 
Urban light 
trucks 
Streetcars and 
subways 


B.2 Effects of strategies 


The effects of various strategies are estimated by modifying the tables in the baseline to 
teflect the effectiveness and penetration of specific energy saving or demand reducing 
measures. For each strategy, a revised table showing by mode and year the changes in 
energy use or transportation demand associated with the strategy is prepared. An example of 
such a table is presented in Table B-3, which indicates that for that strategy there is a 25 
percent reduction in the demand for transportation by personal automobiles in 2005, relative 
to what it would otherwise have been in 2005, and that the demand for public transit is 5 
times what it would otherwise have been in 2005’. The demand for other modes is not 
affected by the strategy. 


This table is then multiplied by Table A in the base case to get a revised estimate of 
transportation demand, as a result of the strategy’s implementation (Table A’). 


Similarly, revised energy efficiencies are calculated by multiplying a table similar in structure 
to that in Table B-3 for the effect of the strategy on energy efficiency by Table D in the base 
scenario (Table D’). 


’ Note that this does not imply a reduction in demand of 25 percent relative to 1988, since the 2005 base 
scenario may incorporate growth or contraction in demand relative to 1988. 
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Table B-2 
Tables required for each strategy. 


Identifier 
Ea Cee oe 
A Demand for transportation pass.km/a Input 
t.km/a 
Vehicle loading pass/vehicle Input 
t/vehicle 


Vehicle demand ae ee 


STN Tae 
eee es eee | GAM] SeeeaenRaaeT 
ees A 
a 

GARR GOI TOT bo Selon GH AARC [A Recrea bo | 
i 


The effect of the strategy on total energy use and emissions is then calculated by substituting 
the new tables A’ and D’ for A and D in the base scenario. 


B.3 Estimating effects of strategies 


The effects of strategies are determined by considering the effects of the individual measures 
that make up the strategy. A table similar in form to that in Table B-3 is prepared for each 
measure for transportation demand or energy efficiency. Where measures in a strategy do not 
lead to the same effects, the effect of the strategy is the product of the effect of each of the 
measures. For example, if a strategy consists of two measures, one that reduces the fuel 
economy of the automobile fleet by 25 percent, say through a regulatory standard, and 
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Table B-3 
Example of the effects on demand of a strategy. 


2000 2005 
Urban 0.95 0.85 0.75 
automobiles 
Urban light 
trucks 
Streetcars and 
recom 


ee | ea 


a a 


another measure that requires annual inspection and maintenance of automobiles, and leading 
to a reduction in fuel consumption of 5 percent, then the effect of the strategy is a change in 
energy efficiency of automobiles to ((1-.25)*(1-.05)=) 0.71 times that shown in the base case. 


Where measures may affect the same technologies, then the most effective of the two 
measures for any particular mode and year is selected. For example, if a strategy consists of 
two measures—one regulating new vehicle fuel economy and one taxing vehicles with poor 
fuel economy—then the one leading to the greatest energy savings is used. 


B.4 Technology penetration 


In some cases, energy saving or emission reducing measures only apply to new situations. 

For example, new emissions control technologies may only be applicable to new automobiles, 
not to automobiles already on the road. In these cases, the penetration of the technology over 
time is considered in developing estimates of the effects of the measures. Where the measure 
affects automobiles, the MENY estimates of fleet turnover rate and vehicle demand, as 
presented in the reference scenario from the MENY Energy Demand Model are used. This 
model keeps track of automobiles by vintage, and allows estimation of how many automobiles 
in service in a given year are of what age, and have what average fuel economy rating. 
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Appendix C.1 Automobile and light truck 
fuel economy 


Many analysts have attempted to forecast the fuel efficiencies of tomorrow’s automobiles. 
Predicting the impacts of technological advances is difficult, and the wide range of 
behavioural, economic and technological factors compound this difficulty. The following text 
discusses the use of the literature to arrive at estimates of future fuel efficiencies in 
automobiles. 


C.1.1 Objective 


A review of publications citing possible gains in automobile fuel efficiencies was undertaken 
in an attempt to reconcile the seemingly wide range of predictions cited. Point estimates of 
future fuel efficiencies were desired. These would be adopted as possible Corporate Average 
Fuel Economy (CAFE) standards in several energy and emissions reduction strategies. 


Estimates of the cost of achieving fuel economy improvements were also sought. 


Cals2 Scope 


The studies examined were all published between 1982 and 1990, with only one of the studies 
projecting fuel efficiencies beyond 2010. 


Only fuel efficiencies of passenger automobiles were considered. The study does not attempt 


to analyze the effects of improvements in other modes such as light trucks. However, most of 
the programs described can be applied to light trucks, although generally not with identical 
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results (for example, there appears to be more opportunity to improve light truck fuel 
efficiency through weight reductions and manual transmissions use). 


Improvements in fuel efficiency are applied to new vehicles only. Fleet effects will be 
discussed in the conclusions section. 


The following categories represent the factors leading to fuel efficiency improvements that 
were considered. 
‘Technical Fix’’ actions 


“Technical Fix” Actions represent the use of technology alone to improve the fuel efficiency 
of an individual vehicle. 


The technical fix programs considered include: 
¢ Vehicle Programs (engine switching, weight reduction, friction resistance, etc.); 


¢ Drivetrain Improvements (continuously variable transmission, five-speed automatic 
transmissions, etc.); 


¢ Engine Improvements (advanced carburation control, reduced internal friction, etc.); 
Vehicle stock measures 


Some studies (OTA, 1989; EMR, 1990) examined the effect of a gradual tendency to drive 
smaller vehicles. These studies considered possible improvements in the average fuel 
efficiency of new vehicles only—they did not attempt to analyze the fleet effects of 
improving fuel efficiency or purchasing decisions. 


Other effects 

One study (EMR, 1990) considered that the advent of improved technology has allowed 
performance increases without penalties in fuel efficiency. Similarly, larger vehicles are 
possible without efficiency penalties. While fuel consumption rates are declining (MENY, 


1988), the recent market shift towards larger, more powerful cars has a negative effect on 
average new vehicle efficiency. 


Please see Appendix A for a complete list of actions considered. 
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cls Methodology 


Given the many studies, varying time periods and differing effects considered, a method was 
sought which provided an estimate of fuel efficiency potentials over the fifteen year time 
horizon of this study. Since each study produced at least one estimate of future fuel efficiency 
(at least calculable), it was possible to plot the data and to estimate a relationship between 
time and potential new vehicle fuel consumption rates. 


A similar procedure was followed for estimating costs. Several of the review articles 
estimated capital cost requirements for achieving specific fuel economy improvements. These 
were converted to a cost per new vehicle where necessary. A plot showing fuel consumption 
reduction (in L per 100 km) versus cost per vehicle was produced, and a relationship 
calculated. 


Scenarios 


Each study described one or more scenarios limiting or affecting future fuel efficiencies. In 
general, the efficiency improvement perceived from a particular program is invariant among 
scenarios. Instead, the penetration level ' of the program changes with time and scenario. The 
ageregate fuel efficiency improvement is the product of total, perceived efficiency gain and 
penetration. This point will be discussed further in the next section: for now consider that the 
various scenarios weighed the combined effects of penetration and fuel efficiency 
improvements. 


Each scenario thus provides two data points for the linear regression described below. The 
point estimates consist of a time value (year) and a fuel consumption estimate (L/100 km) for 
the base year and for the forecast year. Additionally, some studies provided an estimate of 
cost per vehicle for a given reduction in fuel consumption. 


Scenario descriptions were generally related to technical potential, economic attractiveness, 
market potential, or current product plans. Other studies specified assumptions such as “no 
shift to smaller cars‘ or provided high/low ranges. 


No attempt was made in this study to separate scenarios on any of these terms. Instead, each 
scenario was considered as a discrete estimate, each with equal probability of occurrence. 


1 Penetration is used to estimate the influence of time and technology on fuel economy improvements. 
Although a given technology may be perceived to provide a certain percentage improvement in fuel 
economy, an author may feel that it will not be fully implemented. 
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Additivity and inclusion of programs 


None of the studies reviewed explicitly considered all the possible programs listed in 
Appendix A. Consequently, it may be possible to design a comprehensive case which utilizes 
the estimates of fuel efficiency gains from all possible sources. 


This was not done for two reasons: 


(1) although the programs appear exhaustive, their description in each of the studies is 
sufficiently vague as to make a quantitative estimate of the particular 
efficiency/penetration level difficult; | 


(2) the combined effect of improvements in each category is not strictly additive (in fact, 
some are mutually exclusive); even when an exhaustive list of efficiencies and 
penetration levels for all programs was given, the authors always estimated the total 
efficiency gain as something less than the sum of all efficiency and penetration level 
products. 


It was therefore judged that each scenario constituted the author’s best estimate of future | 
efficiency improvements (and costs), and that each author considered all program sectors to 
some degree in their estimates. 


Table C-1 presents the primary data used to produce the linear regressions. 


C.1.4 Fuel economy estimates 
Units 


Only two of the case studies examined were performed in terms of changing fuel 
consumption (Canadian “combined, 55 per cent urban and 45 per cent highway, fuel 
consumption“ units of L per 100 km). These are shown shaded in Table 1. The others all 
expressed percentage improvements to, or absolute values of United States miles per US 
gallon. 


Given the inverse relationship between fuel economy and fuel consumption, a percentage 
change in one parameter is not directly transferable to the other. United States figures were 
therefore translated to Canadian by the following process: 


¢ where a percentage improvement was specified, the base fuel economy (in miles per US 


gallon) was adjusted by the percentage, and the result transformed to Canadian units 
using standard conversion factors; 
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e where an -aBeolate future fuel economy was specified, the result was directly transformed 
to Canadian units using standard conversion factors. 


To alleviate confusion, Table 1 shows total percentage improvements relative to both L per 
100 km and miles per US gallon. Usually, the latter is specified and the former calculated. 
Also, since the percentage improvements are calculated with respect to the particular study’s 
base year, a column showing the percentage improvement relative to 1988 has been provided. 


In all cases, the percentage improvements shown for each program is relative to the base 
economy in miles per US gallon. Neither Canadian study specified percentage improvements 
in the various program categories. 


Fuel economy improvements 


The perceived potential for fuel economy gains through a specific program were quite 
consistent across the studies. Differences between authors usually amounted to three or four 
percent. The largest differences occurred when different time points were being examined. For 
example, Cheng’s economy improvement estimates for 2010 from Vehicle Programs are © 
consistently one or two percent higher than other studies and scenarios for 2005. 


Efficiency improvements are always relative to a particular scenario’s base year efficiency. 
Since most of the studies reviewed used the year prior to publication as the base year, it is 
not surprising that differences occur in per cent reduction estimates. 


Several cases where authors’ estimates differ by substantial amounts (more than three or four 
percent) cannot be explained by a difference in forecast year. For example, Cheng’s “High” 
scenarios for 1995 and 2010 are consistently higher than other estimates for similar dates. His 
“Low scenarios are about equal to other studies (Cheng, 1988). Cheng’s use of the “High 
estimate identifies it as an optimistic one. However, the “Low“ scenario is not (relatively) 
pessimistic either. 


Penetration levels 


Larger relative differences appear when considering the various penetration levels of each fuel 
economy increase. These varied widely among scenarios and authors. This does not 
necessarily constitute widely varying opinions or disagreement. Rather, the penetrations reflect 
the differing economic, physical, technical, or market limitations each scenario is attempting 
to describe (for example “Low“ versus “High“, “Current Trends“ versus “Free Market"), and 
what the effects of different forecast years is. 
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Regression analysis 


Each scenario contributed two data points to the analysis: one for the base year, and one for 
the forecast year (recall that each point estimate consists of a time value and a fuel 
consumption value). Base year values are generally historic data, and are quite close across 
the studies. However, including them in the regression helps account for any perceived 
differences in calculation methods employed by the authors. 


Statistically, the inclusion of the base data points aides the regression analysis by tempering 
the data with a dose of reality. For example, OTA provided quite optimistic forecasts even for 
1985 when they published their study in 1982 (their estimate for 1985 was almost 16% lower 
than what was actually achieved). If the base data points were not included then overly 
optimistic forecasts may be given undue weight. 


A plot of the data points and the regression lines is shown in Figure C.1.1. 


Two regression lines are shown in Figure C.1.1 as two tests were calculated. One including 
all data points and one which excludes very low or very high estimates. As points lying 
greatly outside the body of data can have a disturbing effect on linear regressions, these 
points were removed. 


Without the point estimate for 2050, the linear regression predicts a somewhat more 
optimistic view of the future for automobile fuel consumption rates. This may or may not be 
realistic. As technological efficiency improvements may be slowing, it might not be realistic 
to assume that improvements will occur in linear increments over the next twenty years. 
However, it is equally difficult to assume that linear reductions in fuel consumption will 
occur Over the next sixty years. 


Final estimates of future fuel consumption ratings 


The following table presents estimates of future fuel consumption ratings from various 
sources, including this study. 
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Table C-1 
Comparison of Future Fuel Consumption Estimates (L/100 km) 


Description of Estimate 


Average vehicle < 1,000 a ees ee ee na | 
[test onemiet [sco] na [na [na 
Bi ee 


Notes & 1 MENY Energy Demand Model, 1989 


Sources 2 Statistics Canada, 1989. Figure is for January to December, 1988. 
3 Pontiac Firefly 5-sp, 55/45 urban/highway (Transport Canada,1989) 
4 Bleviss, 1988. Figure is an average of seven prototype vehicles. 
5 not available. 


Linear regression figures shown in Table C-1 have been rounded to represent 30, 35 and 40 
per cent reductions in fuel consumption for the years 1995 through 2005. The actual values 
obtained from the regression are within one per cent of the values shown. The values for 
1995, 2000 and 2005 were subsequently used as the “Low, Medium, and High“ measures for 
1995 CAFE standards. 


CriS Cost per vehicle estimates 


Figure C.1.2 on the following page shows the results of analysis for cost estimates. A log- 
linear regression line through the data points has been calculated omitting the point marked 
1982“. This estimate was made in the early 1980s and is much lower than estimates made in 
the latter part of the decade. Data from this study were also omitted from the fuel 
consumption analysis. 
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Interpolation from Figure C.1.2 permits the calculation of a cost per vehicle of attaining a 
given reduction in fuel consumption. Using MENY’s estimates of Ontario’s future fleet size 
yields an estimate of the total cost to consumer of achieving specific fuel consumption 
reductions. These costs are shown in Table C-2. 


C.1.6 Implementation 


In the example above, it has been assumed that implementation of the indicated standard 
occurs in 1995, and persists through 2005. In practice, it is more likely to expect that fuel 
economy increases more gradually, and to a greater extent, for example, some studies have 
indicated that the fleet average fuel economy will be 5.97 L/100 km and could be as low as 
5.12 L/100 km in an optimistic scenario (Energy and Environmental Analysis, 1990). 


It should be noted, however, that the timing of implementation can have a significant impact 
on the effectiveness of CAFE standards. This is illustrated in Figure C.1.3 which indicates 
how new vehicle CAFE must increase depending on implementation year to achieve an 
overall fleet average reduction of 20 per cent by 2005. 


enh) 7 / Conclusions 


Three estimates of possible CAFE standards were derived from a literature review of future 
fuel economy reductions. The values correspond to low, medium and high enforcement and 
application of regulation. Costs of achieving each consumption reduction were also estimated. 


The standards were assumed to be applied in 1995: the average of all subsequently 
manufactured vehicles (including 1995 vehicles) would achieve that fuel consumption rating. 
Costs were assumed to be borne by the consumer over a five year period. 


The derived fuel consumption rates, resulting fleet average fuel consumption rates, and total 
costs to consumer are summarized in Table C-3. 


Energy reduction estimates were calculated using fleet characteristics (number of vehicles, 
fuel consumption rates, and survival rates by vintage) provided by the MENY Energy 
Demand Model. The “New Vehicle“ fuel consumption ratings were substituted for the 
baseline estimates (see Appendix E.1) for all new vehicles entering the system after 1994. 
The resulting fleet average fuel consumption reductions for a given year are equivalent to 
energy reductions for that year. 


Given future fuel prices, the perceived benefit per vehicle can also be determined using 
MENY Energy Demand Model data. Assuming incremental costs are spread over five years, 
the following annual benefits might be expected for a typical vehicle owner. 
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Table C-2 
Cost of fuel consumption reductions from technology. 


Proposed Cost per Cumulative 
Fuel Difference’ Vehicle” Vehicles Total Cost* 
Efficiency Purchased’ 
(L/100 km) | (L/100 km) (1988 C$) (M 1988 C$) 


Low Case: 30% reduction in 1988 fuel consumption introduced in 1995 


Medium Case: 35% reduction in 1988 fuel consumption introduced in 1995 


1995 $1,241 532,424 $157 


High Case: 40% reduction in 1988 fuel consumption introduced in 1995 


Notes & 1 Difference calculated from baseline 1995 fuel consumption 
estimate of 
Sources: 10.39 L per 100 km. 
2 Cost per vehicle determined from regression analysis. 
3 Assuming costs are spread over the first five years of vehicle life, this 


column shows the number of vehicles with “unpaid for” fuel efficiency 
improvements. The numbers represent all 1995 vehicles for 1995, all 
1996-2000 vehicles for 2000, and all 2001-2005 vehicles for 2005. 

4 Costs in indicated year are the number of vehicles times the annual value 
of the incremental vehicle cost, assuming the incremental vehicle cost is 
spread over five years at a six percent discount rate. 
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1995 2000 
Implementation year 


—*— Current —* 20% decline by 2005 
Figure C.1.3 


Fuel efficiencies required to meet a fleet average objective of 20% reduction relative to 1988 
levels. 


Achieving these energy savings requires prompt implementation or announcement of CAFE 
standards. Incorporation of new technology into the automobile product line may take five 
years or more (OTA, 1982) and industry may object to stringent standards. If industry is to 
have some input into the setting of new CAFE standards, as well as enough time to 
implement them, then the process must begin shortly. 


Even with prompt action, the 1995 CAFE levels used in the scenarios here will be difficult to 
achieve, and can probably only be achieved through product mix changes. 
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Table C-3 
Derived fuel consumption rates. 


| Fuel Consumption 
(L/100 km) 


Stringency Energy Reduction Total Cost in 


of CAFE from Passenger Car 2005 
Standard 
Measure New Fleet Average (%) 

Vehicle 


(M 1988 C$) 


Lo [= [=e [oe | [>| 
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Table C-4 
Comparison of costs and benefits 


Fuel Cost Average 
Consumption per Average Benefit | Net Benefit 
Estimate Vehicle Fuel Price per per Vehicle 
Vehicle 


($)' ($/L)’ ($/a)* ($/a) 


Tier [aso se essa [a 


Notes & 1 Incremental vehicle cost to reduce to indicated efficiency from 10.4 
L/100 km. All costs and benefits in 1988 Canadian Dollars. 
Sources: Z Annual incremental vehicle cost, assuming costs are spread over 


five years with a discount rate of 6%/a. 
3 MENY, 1989. Price Model. Estimate for 2005. 
4 Fuel savings relative to base efficiency, assuming 18 000 km/a. 
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Appendix C.2 Increase in the transit 
mode share 


In 1988, the transit mode share of total urban passenger transportation in Ontario is estimated 
to be about 10 per cent of total person trips. If the public transit system in Ontario expanded 

or improved, both a reduction in the number of private motor vehicle trips and an increase in 
the number of persons per vehicle using travel corridors is possible (Wilbur Smith Associates, 
1983). The increase in the transit share also provides: 


¢ improved energy efficiency characteristics; and 
¢ reduced pollution from the transportation sector. 


What follows is an examination of the possibility and the effects of an increase in the transit 
share of urban passenger transportation in Ontario. The report is organized as follows: 

Section C.2.1 provides an overview of the type of actions and measures possible for 
increasing the public transit mode share in Ontario; Section C.2.2 reviews the effectiveness of 
such measures and actions in Ontario; Section C.2.3 provides estimates of the potential energy 
savings, and costs of three different increases in the transit mode share for the Province; and 
Section C.2.4 presents conclusions regarding an increased transit mode share in Ontario. 


C.2.1 Overview of potential actions and measures 
There are a number of actions which could be adopted through public transit improvement 
and expansion which result in more efficient use of energy and reduced pollution from the 


transportation sector (Table C-5). 


In addition, there a number of actions which improve the marketing of transit: 
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* consumer and market research; 
* — service planning; 

° transit promotion; and 

* customer service. 


The appeal of public transit to commuters can be enhanced through improved station lighting 
and design, advertising, better security and the use of communications equipment which 
permits the monitoring of traffic flows and informs commuters of bus and train arrivals and 
departures. 


In Ontario most transit authorities have already adopted at least some of these actions. 
However, actions which would increase ridership and provide an impetus for expanded transit 
services have not been fully implemented across the province, or fully in any single transit 
service area. 


The adoption of actions which increase public transit ridership does not ensure increased 
ridership. The decision by individuals to use public transit is made within an environment 
where there is a high level of private motor vehicle ownership and low density land-use 
practises. A number of factors. such as: 


¢ availability or convenience of transit services; 


availability or convenience of good roads and parking facilities; 
¢ cost of public transit; and 
e cost of motor vehicle ownership and operation 


affect public transit ridership. These factors must be considered in any strategy developed to 
increase the transit mode share. 
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C22 Potential for an increased transit mode share in Ontario 
Introduction 


The MENY Energy Demand Model estimates energy use on a provincial basis. However, to 
determine the effectiveness and the potential for expanded public transit services regional 
demand for different transportation modes, and total energy demand must be considered. A 
disaggregated procedure was developed to estimate regional demand for public transit. 


Base year estimates 


The analysis of disaggregated regional demand for public transit is based on the 51 Regional 
Municipalities and Counties making up the Province of Ontario. Population and employment 
estimates for each of the Regional Municipalities and Counties shown on Table C-6 are based 
on: 


¢ Municipal Directories, providing 1985 and 1988 population estimates from which the 
1986 population was interpolated; and 


e the 1986 Census Place of Work data file providing 1986 employment levels. 


Because of limited data availability 1986, 1991, 1996, 2001, and 2006 forecasts are used for 
the regional analysis and assumed to be equivalent to the 1988, 1990, 1995, 2000 and 2005 
base years used in the study. 


Travel demands could be established: for The Regional Municipalities and Counties with 
significant urban areas. In addition, one rural area (Grey County) was selected to represent 
other rural areas. The areas considered are: 


¢ Essex 

¢ Lambton 

¢ Middlesex 
Waterloo/Brant 
Niagara 
Greater Toronto Area 
Frontenac 
Ottawa-Carleton 
Sudbury Region 
Algoma 

e¢ Thunder Bay 

¢ Grey 


These areas are shown on Exhibit 1. 
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TABLE C-6 
POPULATION AND EMPLOYMENT ESTIMATES BY 1986 CENSUS DIVISION 


PLACE-OF-WORK LINKAGES AMONG MUNICIPALITIES OF ONTARIO 


‘CENSUS POPULATION POPULATION EMPLOYMENT POPULATION 
DIVISION 1985 1986* 1986** 1988 


STOR.-DUNDAS-GLENGARRY 101 510 103 000 36993 101 978 
PRESCOTT - RUSSELL 56 553 57 600 13784 59 138 
OTTAWA - CARLTON 599 688 606 600 340926 623 135 
LEEDS - GRENVILLE 83 176 84 600 31538 83 166 
LANARK 48 400 . 49 600 19253 49 483 
FRONTENAC COUNTY 117 878 115 200 58304 119 332 
LENNOX - ADDINGTON 33 094 34 400 9350 32 998 
HASTINGS COUNTY 107 863 109 400 49271 106 240 
PRINCE EDWARD COUNTY 22 228 22 400 6577 21 793 
NORTHUMBERLAND 66 568 67 700 25489 67 232 
PETERBOROUGH COUNTY 102 740 105 100 42549 105 493 
VICTORIA COUNTY 51 528 52 600 17211 55 132 
DURHAM REGION 314 238 326 200 129159 347 837 
YORK REGION 324 064 350 600 158873 409 292 
METRO 2 154 537 2 192 700 1301399 2 133 559 
PEEL REGION 565 871 592 200 292925 608 327 
DUFFERIN COUNTY 32 370 32 600 11987 34 452 
WELLINGTON COUNTY 139 758 139 400 63567 143 778 
HALTON REGION 264 498 271 400 113339 281 668 
HAMILTON - WENTWORTH 421 264 423 400 191751 429 466 
NIAGARA 369 312 370 100 150215 365 197 
HALDIMAN - NORFOLK 88 400 90 100 37170 89 225 
BRANT COUNTY 101 212 106 300 42863 102 085 
WATERLOO REGION 328 224 329 400 163360 342 030 
PERTH 66 333 66 600 31532 66 226 
OXFORD 84 757 85 400 35212 84 008 
ELGIN 69 284 70 300 29960 69 174 
KENT 105 476 106 700 49338 105 176 
ESSEX 315 743 316 400 134826 314 952 
LAMBTON 122 091 125 400 51564 119 528 
MIDDLESEX 338 278 333 400 160141 344 586 
HURON COUNTY 55 553 56 000 19887 55 589 
BRUCE COUNTY 58 092 59 400 21672 57 119 
GREY COUNTY 74 279 74 800 26313 75 157 
SIMCOE COUNTY 43 231 711 238 400 92866 241 694 
MUSKOKA 37 941 40 300 16873 39 958 
HALIBURTON 46 11 541 12 000 3648 11 945 
RENFREW 86 991 89 000 36005 85 953 
NIPISSING 73 733 79 100 31932 74 599 
PARRY SOUND 29 498 33 800 10250 30 138 
MANITOULIN 6779 10 300 3009 6771 
SUDBURY DISTRICT 18 208 25 800 7660 17 363 
SUDBURY REGION 154 387 152 500 61799 151 314 
37 312 40 300 14787 35 741 

86 609 95 000 37429 84 846 

123 853 132 200 53936 117 339 

143 908 155 700 68582 140 951 

RAINY RIVER 19 645 23 000 9698 18 981 
36 322 59 100 22676 35 150 


8 883 298 9 113 500 4 339 448 9 096 294 
* - Ministry of Treasury and Economics, "Population Projections for Regional Municipalities, Counties 
and Districts of Ontario to Year 2011", July, 1988. 
** . From place of work linkages. 
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Base year energy use estimates 


The 1986 Census Place of Work trip linkage file is used as the base for establishing the 
numbers of daily trips for each of the study areas and the Province (Table C-7). The number 
of daily trips made in 1986 is estimated by doubling the total number of home to work trips 
to obtain the total number of work trips, approximately 33% of total trips. Average trip 
lengths for each region are established using a weighted average of urban and rural trip 
lengths as scaled from a provincial map. The average trip length multiplied by the total daily 
trips provides an estimate of daily person trip kilometres. 


Transit mode shares are estimated for each region. The transit mode share estimates, along 
with average daily vehicle occupancy factors used in the Energy Model are used to estimate 
the daily vehicle trip kilometres travelled. 


A summary of the daily trips made estimates are shown in Table C-7. Where possible, 
information from the 1986 “Transportation Tomorrow Study“ is used to reflect the Greater 
Toronto Area (GTA) attributes. 


Future population and employment forecasts 


Population estimates for the years 1991, 1996, 2001 and 2006 by Regional Municipality and 
County, are shown in Table C-7, Table C-8. 


Estimates of employment were developed by applying the existing employment/population 
activity rate to the population forecasts. A summary of the population and employment 
forecasts, by year, are presented in Table C-9. Based on the forecast population and 
employment, the estimated daily work trips and transit mode share for the years 1991, 1996, 
2001 and 2006 were developed. The estimated daily work trips and transit mode share are 
presented in Table C-10, Table C-11, Table C-12 and Table C-13. 
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TABLE C-8 
POPULATION FORECASTS BY 1986 CENSUS DIVISION 


CENSUS 
DIVISION 


POPULATION 


1986 1991 1996 2001 2006 


STOR.-DUNDAS-GLENGARRY 1 103 000 106 700 109 700 113 100 116 600 
PRESCOTT - RUSSELL 2 57 600 65 600 72 800 79 400 85 700 
OTTAWA - CARLTON 6 606 600 673 700 712 900 737 700 757 300 
LEEDS - GRENVILLE 7 84 600 91 100 97 200 102 700 108 000 
LANARK 9 49 600 54 300 58 700 62 900 67 000 
FRONTENAC COUNTY 10 115 200 123 700 129 400 133 300 137 100 
LENNOX - ADDINGTON 11 34 400 37 900 41 300 44 400 47 200 
HASTINGS COUNTY 12 109 400 116 800 121900 126600 131 400 
PRINCE EDWARD COUNTY 13 22 400 22 700 23 200 23 800 24 600 
NORTHUMBERLAND 14 67 700 72 000 76 500 81 200 85 800 
PETERBOROUGH COUNTY 15 105 100 109 200 113 900 118 700 123 400 
VICTORIA COUNTY 16 52 600 58 800 65 100 71 000 76 700 
DURHAM REGION 18 326 200 406 100 464 800 516 100 563 400 
YORK REGION 19 350 600 472 800 573 500 658 100 734 100 
METRO 20 2192700 2320700 2395500 2444900 2476900 
PEEL REGION 21 592 200 708 900 803 300 883 200 953 400 
DUFFERIN COUNTY 22 32 600 35 800 38 800 41 700 44 400 
WELLINGTON COUNTY 23 139 400 152 100 163 500 173 100 182 200 
HALTON REGION 24 271 400 297 600 324 900 350 100 374 800 
HAMILTON - WENTWORTH 25 423 400 439 500 459 600 476 600 492 000 
NIAGARA 26 370 100 381700. 392000 400 600 408 000 
HALDIMAN - NORFOLK 28 90 100 92 800 95 900 99 200 102 900 
BRANT COUNTY 29 106 300 110 500 114 400 118 600 122 900 
WATERLOO REGION 30 329 400 364 700 398 800 427 700 454 400 
PERTH 31 66 600 67 600 68 800 70 300 72 100 
OXFORD 32 85 400 85 300 86 200 87 100 88 500 
ELGIN 34 70 300 72 400 74 800 77 300 79 900 
KENT 36 106 700 111 500 115 600 119 400 123 300 
ESSEX 37 =. 316 400 335 200 352 300 369 000 384 200 
LAMBTON 38 125 400 127 000 127 800 128 100 128 900 
MIDDLESEX 39 333 400 358 900 379 600 396 700 412 400 
HURON COUNTY 40 56 000 56 800 57 800 59 000 60 700 
BRUCE COUNTY 4 59 400 59 200 58 300 58 400 59 300 
GREY COUNTY 42 74 800 77 000 80 000 83 400 87 100 
SIMCOE COUNTY 43 238 400 258 800 277 300 293 600 309 600 
MUSKOKA 44, 40 300 44 700 49 300 53 600 57 700 
HALIBURTON 46 12 000 12 300 12 800 13 200 13 700 
RENFREW 47 89 000 90 800 91 200 91 300 91 900 
NIPISSING 48 79 100 79 600 79 600 79 700 80 200 
PARRY SOUND 49 33 800 35 600 37 500 39 500 41 500 
MANITOULIN 51 10 300 10 300 10 600 10 900 11 200 
SUDBURY DISTRICT 52 25 800 24 600 23 900 23 600 23 500 
SUDBURY REGION 53 152 500 150 200 148 900 146 600 144 300 
TIMISKAMING 54 40 300 39 700 39 400 39 500 39 900 
COCHRANE 56 95 000 92 900 90 400 87 800 85 700 
ALGOMA 57 132 200 134 200 133 500 131 500 129 800 
THUNDER BAY 58 155 700 160 800 164 100 166 500 168 600 
RAINY RIVER 59 23 000 23 500 24 300 24 900 25 600 
KENORA 60 59 100 62 400 64 500 66 000 67 700 


TOTALS 9113500 9887000 10496100 11001600 11 457500 


Source: Ministry of Treasury and Economics, "Population Projections for Regional Municipalities, Counties 
and Districts of Ontario to Year 2011", July, 1988. 
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tere Measures for increasing the use of fransit 


Three different measures to increase the share of urban passenger sha ies provided by 
transit are considered: 


1) moderate transit mode share increase to 13 per cent resulting in a 5 per cent 
reduction in travel demand; 


2) realistic transit mode share increase to 16 per cent resulting in a 8 per cent 
reduction in travel demand; and 


3) optimistic transit mode share increase to 22 per cent resulting in a 14 per cent 
reduction in travel demand. 


The impact of each of these measures on the Province is examined for potential energy 
savings, costs and fuel savings benefits. The results of the three scenarios are presented in 
Table C-14. Each measure is assumed to be implemented in 1995 and full benefits and costs 
occur in 2005. Total work trips and total person trips used to estimate the scenarios are the 
same as those presented in Table C-13. 


Moderate transit share increase 


A moderate increase in transit’s share of urban passenger transportation by 2005 reflects 
transit ridership of approximately 25 per cent in both the Greater Toronto Area (GTA) and 
Ottawa-Carleton area. This level of ridership is expected with proposed transit service 
initiatives currently in the planning stage in these areas to 2005. This scenario also assumes a 
50 per cent transit share increase in all other regions considered, except for the rural County 
of Grey, increasing the rural transit share from approximately 3 to 5 per cent of total daily 
work trips to 4.5 to 7.5 per cent. 


The moderate transit mode share results in an increase of the regional transit share to 16 per 
cent and an increase in the total provincial transit share of urban passenger transportation to 
about 13 per cent (as compared to the base case scenario of 9 per cent transit share). 


Realistic transit share increase 


A realistic transit share increase by 2005 estimates transit ridership of approximately 30 per 
cent in both the GTA and Ottawa-Carleton, which reflects transit share policy goals consistent 
with transit service initiatives currently planned. The increase assumes that in other regions 
the transit share would increase to between 6 and 10 per cent, representing a doubling of the 
existing transit shares. The realistic transit share increase results in a transit share of 21 per 
cent for the regional areas examined and an Ontario transit share of 16 per cent (as compared 
to the base case transit share of 11 per cent and 9 per cent respectively). 
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TABLE C-14 
ESTIMATED TRANSIT MODE SPLIT AND VEHICLE DEMAND BY SCENARIO AND 
REGION IN ONTARIO FOR 2006 — 


MODERATE SCENARIO |REALISTIC SCENARIO |OPTIMISTIC SCENARIO 


T.M.S. VEHICLE TRIP | T.M.S. VEHICLE T.M.S. VEHICLE TRIP 
% KILOMETRES* % ILOMETRES % KILOMETRES* 
000’s 000’s 000’s 


3 862 3 862 3 783 
12 042 11717 11 066 
5 868 5 776 aye e 
14 346 13 958 13 182 
11514 11 203 10 580 
9 431 9 282 8 986 
90 701 84 654 72 561 
4 602 4 530 4 385 
24 238 22 622 21 006 
6 673 6 569 6 359 
9 946 9 790 A) 
17 782 17 301 16 340 


211 004 201 263 183 318 
92 284 92 284 90 400 
303 288 293 547 273 718 
Reduction in travel** 5% 8% 14% 


NOTE: 
* VEHICLE OCCUPANCY: INTERCITY - 1.800 ---- MENY, 1990. 

URBAN - 1.400 

TOTAL - 1.572 
** REDUCTION IN TRAVEL DEMAND EQUALS THE RATIO OF FORECAST 
TRAVEL DEMAND (TABLE C-13) AND POTENTIAL TRAVEL DEMAND RESULTING 
FROM AN INCREASE IN T.MSS. 


- AVG. TRIP LENGTH IS A WEIGHTED AVG. OF URBAN & RURAL TRIP LENGTHS. 
- DAILY TRIP DATA FROM FORECAST 2006 (TABLE C-13). 


Optimistic transit share increase 


The third transit share increase represents an optimistic increase in the use of transit over the 
fifteen year period to 2006. A transit share of 40 per cent in the GTA and of 35 per cent in 
Ottawa-Carleton area are assessed. These, however, are more likely to evolve over a longer 
planning time frame reflecting changes in travel behaviour and efficient transit service in 
conjunction with higher land use densities.. The-remaining regional areas examined are 
assumed to have transit shares ranging from 9 to 15 per cent. This represents a tripling of the 
existing transit shares in these regions. 


The increase in transit share results in a transit share of 28 per cent for the regions studied 
and an Ontario transit share of about 22 per cent (as compared to the base case scenario 
transit shares of 11 per cent and 9 per cent respectively). 


Summary of transit share changes on future energy use 


The effect of transit share changes estimated above for 2006 are assumed applicable to 2005 
and the base case established for this study. The expected energy use savings in 1995, 2000 
and 2005 are presented in Table C-15. The moderate transit share increase reflects an Ontario 
transit share of 13 per cent by 2005 which would result in the energy use from the base case 
of approximately 14 PJ/a. The realistic transit share increase would result in a reduction of 
approximately 22 PJ/a and the optimistic transit share would result in a reduction of about 38 
PJ/a annually. 


C.2.4 Costs and benefits of increased transit share 
Cost assumptions 


The costs associated with the different transit share measures are estimated by considering 
incremental annual ridership, operating costs and capital costs and typical transit system costs 
(CUTA, 1990.). 


The total annual transit costs (in 1988 dollars) associated with an Ontario transit share of 9 
per cent is presented for the base year 1988 and forecasted to 2005 based on an annual direct 
operating cost per capita of $150.92 and an annual capital cost per capita of $45.33. The total 
transit costs for Ontario, in 1988 were estimated at about $2,829 million (less operating 
revenue from riders). 
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Table C-15 : 
Annual automobile and light truck energy use savings due to increased transit modal split. 


eS Petajoules of energy use saved annually 


1995 2000 2005 
Moderate transit share, 13% 


Realistic transit share, 16% 
Optimistic transit share, 22% 


The annual direct cost per capita reflects the direct cost of regular services and include the 
following operating expenses: 


¢ salaries, wages and benefits 
* — services 

e materials (including fuel) 

¢ utilities 

¢ liability costs 

¢ licences 

* taxes 


e miscellaneous 
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The annual capita cost per capita reflect the net capital costs (excluding Municipal and 
Capital Subsidies) and include the following capital expenditures: 


¢ Vehicle purchases (for both growth and replacement), plus 
oH Land and buildings, plus 

¢  Rights-of-way and track, plus 

¢ Other capital sos minus 

¢ Capital disposals 

These capital expenditures are valued on an annual basis. 


In addition to the estimated annual operating costs and annual direct capital costs, the 
province has committed funds towards a number of programs designed to improve public 
transit infrastructure and operation, as well as expanding service. The spending commitments 
include those under the “Let’s Move - Transportation Solution for the 90’s” program for the 
greater Toronto area and funds for the Region of Ottawa-Carleton. Through these programs it 
is estimated that approximately $6 billion will be spent over the life of these programs on the 
expansion of transit and Go Train service, the development of bus gateways into urban areas 
and the improvement of transit infrastructure and operation. These expenditures are included 
in the cost analysis. Much of the cost associated with the “Let’s Move” program is for long 
term infrastructure, and thus the annual costs are assumed to be roughly equal to the cost of 
capital (i.e. 6%/a in constant dollars), or about $360 million. 


Costs of an increased transit share 


The cost of an increased transit share by 2005 consists of operating costs and annual capital 
charges. The assessment of capital costs includes an estimate of the number of transit vehicles 
required to accommodate the increased ridership using a ridership per transit unit relationship 
of 130,000 annual riders at an estimated cost of $250,000 per transit unit and annual 
expenditures of $360 million from committed provincial transit programs. Table C-16 and 
Table C-17 present the estimated incremental annual cost of the three transit share scenarios. 
A moderate increase in T.M.S. to 13 per cent is estimated to cost an additional $798 million 
per year in 2005. The realistic scenario is estimated to cost an additional $1,126 million per 
year in 2005 and the optimistic transit share is estimated to cost an additional $1,783 million 
per year in 2005. 
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Table C-16 
Estimated total annual cost of an increase in transit share 


Transit 
Share in 
Measure 2005 (%) 1995 2000 2005 


Note: See Table C-17 for a detailed breakdown of the cost estimates. 


C.2.5 Fuel savings benefits from an increase in the transit share 


The fuel savings benefit resulting from an increased transit share by 2005 are based on the 
MENY Energy Price Model for gasoline and diesel fuels and the fuel savings estimated from 
urban automobiles and light trucks resulting from the share. 


The fuel savings benefits for the Province of Ontario are presented in Table C-18. The annual 
value of fuel saving benefits in 2005 are approximately $218 million for increasing the transit 
share for Ontario from 9 per cent to 13 per cent reflecting the moderate transit share increase. 
The fuel savings benefit of increasing the Ontario overall transit share from 9 per cent to 16 
per cent (realistic transit share increase) is estimated to be approximately $349 million. The 
benefit in fuel savings of the optimistic transit share increase (increasing the Ontario transit 
share from 9 per cent to 22 per cent) is estimated at approximately $610 million. 
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Table C-17 
The incremental annual costs of moderate, realistic and optimistic transit measures 


pes fee | es | tome | zs 


a ee: Glaheaaaa | ana 
ic nae ceed El Cn TD 
Ee A Pe Sg 
se See Un 

ieee re | ag haan a, deb ce 
eel Gn 
Pe ee ee 
em 
ee ea ea ee | 


| tncease in siden (housinds) ||| artes | azo | ence 
Ee ee ee ee 
| Annual contafnew vcs || so | sae] 
| Sacemenal ena ict oping cons ws) | so | so | sas sas | sn 
| tacemenal anna capi coou ws) | so_—| so | so] siss | sats 
| Tout increment cons) | 8 | sos] soot_| suas 
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Notes: Increased ridership and costs are based on CUTA 1988 Operating Costs data extrapolated to 2005 based on the implicit MENY Model 
annual growth rate (1.36%). Ridership for 2005 is forecasted at 8 83 million. New vehicles cost $250,000 and have a 17 year economic 
life, and a real interest rate of 6 per cent. 
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Table C-18 
Transit fuel savings benefits (1988 k$). 


Measure 


Moderate transit share 
Realistic transit share 
Optimistic transit share 


Note: In addition to these fuel savings, other benefits, such as decreased emissions 
and congestion might be expected, but these are not estimated in economic 
terms. 


C.2.6 Conclusion 


Based on a regional analysis of present and future work trips in Ontario three different 
possible transit shares for the year 2005 are considered: 


* moderate transit share of 13 per cent, resulting in a 5 per cent decrease in urban 
automobile and light truck travel demand; 


* realistic transit share of 16 per cent, resulting in a 10 per cent decrease in urban 
automobile and light truck travel demand; and 


* optimistic transit share of 22 per cent, resulting in a 14 per cent decrease in urban 
automobile and light truck travel demand. 


The increases in transit share correspond to a decrease in energy use in the transportation 
sector of between 14 and 38 PJ/a by 2005. The estimated annual cost to implement the 
measures necessary to reduce travel demand through increasing the transit share range from 
between $800 million (5 per cent reduction) to $1,800 million (14 per cent reduction) in 
2005. The estimated annual fuel saving benefits due to reduced travel demand is estimated at 
between $220 and $610 million per year for a 5 per cent and a 14 per cent reduction in 
private vehicle travel demand, respectively. Other benefits will also accrue, but the value of 
these benefits has not been assessed. 
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Appendix C.3 Economic instruments— 
fuel and gas guzzler taxes 


In most countries, fuel economy targets and emission standards for motor vehicles are set 
through regulatory instruments implemented through government legislation. This command 
and control approach usually includes some system of monitoring and sanctioning for non- 
compliance. For example, government regulators set a fleet fuel efficiency target for a given 
year; if this target is not met, motor vehicle manufacturers face a fine or penalty. The 
objective of this regulatory approach is to force manufacturers to integrate new fuel efficiency 
or emission reduction standards into the new year motor vehicle fleet. Over time, the fuel 
efficiency of the entire motor vehicle fleet is increased. In Canada, motor vehicle fuel 
efficiency standards are voluntary and emissions are regulated using the direct approach. 


The setting of such standards and targets has several advantages; it is fairly easy to 
administer, the effects of the regulation are known, regulation does not cause negative 
distributional effects or severely affect the disadvantaged, and is a highly visible policy 
instrument (Opschoor, 1989:24). In addition, manufacturers also like regulations since it 
provides them an opportunity to negotiate the target levels with policy-makers. However, the 
command and control approach also has several disadvantages: (Opschoor, 1989:24) 


¢ motor vehicle manufacturers have no incentive to exceed the fuel efficiency or emission 
standards set in the regulation; 


* consumers have no incentive to purchase fuel efficient or “clean burning“ motor vehicles; 
¢ compliance is required from the manufacturer and not the consumer; 
¢ regulations limit the ability of policy-makers to integrate energy or environmental policy 


objectives with other policy objectives; 
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¢ the application of regulatory standards implies that an acceptable level of control is 
achieved; . 


e the cost of achieving the standards set in the regulation may vary widely between 
manufacturers and regions; and 


¢ the regulation may not achieve its objective due to market failures or poorly defined 
regulatory requirements. 


Given these drawbacks, alternative, indirect policy tools for achieving fuel efficiency and 
emission targets are being developed. A major focus of this research has been on the use of 
market instruments to alter consumer and producer behaviour. One market instrument 
excluded from this study is emissions trading from non-stationary sources because such 
trading has not yet been successfully implemented for non-stationary sources. 


This report is organized as follows: Section C.3.1 provides an overview of the advantages and 
disadvantages of using market instruments for energy and environmental policy; Sections 
C.3.1 to C.3.4 review market incentives applicable to the motor vehicle sector; and Section 
C.3.4 provides conclusions on the applicability of market instruments. 


C.3.1 Overview of market instruments 


Market instruments are defined as the price consumers and producers are required to pay by 
the government to either raise revenue, possibly to provide environmental services, or act as 
an incentive to alter the behaviour of polluters (Opschoor, 1989:14). These instruments serve 
as a tool for implementing policy objectives without the imposition of legislated requirements. 
Examples of market instruments include: charges (taxes); subsidies; deposit-refund systems; 
market creation mechanisms; and financial enforcement incentives. 


Market instruments offer a number of advantages over the traditional command and control 
approach: (Opschoor, 1989:111—112) 


* environmental or energy policy is internalised into the behaviour of consumers and 
manufacturers; 


¢ raise revenue for environmental or other government policies; 


¢ offer an inducement to producers to continually develop more fuel efficient or cleaner 
burning motor vehicles; and 


* encourage the achievement of environmental or energy policy efficiently and at the least 
cost to society. 
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The use of market instruments permit governments to achieve environmental quality or fuel 
efficiency standards and targets through the allocative efficiencies which exist in the market 
place. In addition, market instruments transfer wealth from the polluter to the government. 
This wealth can be used by government for the improvement of the environment without the 
need for real resource expenditures (Barrett, 1990:11—12). 


Critics, however, have identified several problems with the use of market instruments for 
environmental or energy policy. One problem is that market instruments have the potential to 
be administratively expensive; although they also generate revenue which can finance the 
higher costs. Market instruments also imply that a deregulatory action has occurred. The 
public and environmental groups are distrustful of deregulation since it infers that the polluter 
is provided with the right to pollute. However, market instruments do not require deregulation 
to be effective; they are an alternative policy tool to achieve legislated fuel efficiency 
improvements or emission reductions. 


The use of market instruments for changing fuel efficiency or emission standards in motor 
vehicle fleets is usually done through the altering of the relative cost of purchasing, operating 
or both of motor vehicles. Taxes are added to the operating or purchasing costs of the vehicle 
in an attempt to deter the use of vehicles which fail to meet the legislated targets. Financial 
incentives, or negative taxes, encourage motor vehicle owners or producers to switch to new 
products consistent with policy objectives. 


C.3.2 Market instruments and transportation 


Taxes on motor vehicle fuel or ownership are usually applied by governments to generate 
revenue. In Ontario, both the Federal and Provincial governments apply taxes to motor 
vehicle fuels (Table C-19). These fuel taxes are levied to generate revenue (Bleviss, 
1988:162). However, an indirect effect of these fuel taxes is that they act as an incentive for 
consumers to purchase fuel efficient motor vehicles. 


Other taxes are also levied on motor vehicles in Ontario. The Federal government charges an 
excise tax of $100 for each car, van or truck sold with an air conditioner unit: The Province 
levies a tax of $5 per tire to improve the management of scrap tires; an annual license and 
registration fee per vehicle of $66,’ and levies a surtax on fuel inefficient passenger cars.” 
These taxes on motor vehicles also may create incentives for changing consumer and 
producer behaviour towards more fuel efficient or cleaner burning motor vehicles. 


1 The annual license and registration fee in the greater Toronto area is $90 and $33 in northern Ontario. 


2 Personal communication with Craig Willis, Transportation Energy and Productivity Office, Ontario Ministry 


of Transportation, February, 1991. 
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Table C-19 
Motor vehicle fuel taxes in Ontario 


1990 fuel Provincial tax 
price, - Federal tax - | Total taxes on 
including gasoline and excise and motor vehicle 
taxes fuel taxes sales taxes’”” fuels 
Fuel type (¢/L) (¢/L) (¢/L) (¢/L) 


[Gasoline -leaded | na 
Aviation aa Sam 
* 


- Simple average of fuel prices from across the province for 1990. 
bah Simple average automotive propane price, 16 urban centres in Ontario, April, 1990 to February, 
1991, 
- Sales tax equals 13.5 per cent of cost of fuel except propane; seventeen per cent of total sales 
taxable at 13.5 per cent. 
onic There is no excise tax on propane. 
n.a. = Not available 


Gasoline - regular 56.68" 
unleaded 


Note: Ontario gasoline and fuel taxes are for 1990. Federal excise and sales taxes are as of October 1, 1990. 
Personal communications with Bob Moxley, Director, Motor Fuels and Tobacco Tax Branch, Ontario 
Ministry of Revenue, Spencer Knipping, Oil and Gas Section, Ontario Ministry of Energy, October, 
1990, Martin Whicher, Energy Programs and Technology Branch, Ontario Ministry of Energy, 
November, 1990 and Ladan Mahboodi, Ontario Ministry of Energy, February, 1991. 


C.3.3 Fuel taxes 


Taxes on fuels can create an incentive for a change in the traditional buying, operating and 
selling behaviour of consumers or producers. The objectives of such taxes are to either 
improve energy efficiency in the sector, encourage fuel switching, or reduce pollutant 
emissions. The effectiveness of such taxes requires that (Harrison, 1990:16): 


* — the tax is based on the increase in fuel efficiency or emissions reduction desired so the 
tax burden decreases as the objective of the tax is achieved; and 
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¢ the marginal charge must be big enough to affect the behaviour of consumers and 
producers in the market place. 


The use of taxes on fuels as an incentive has several advantages: (Barrett, 1990a:10—12) 
e the cost of achieving the policy objective is lower than through direct regulation; 


¢ motor vehicle producers are encouraged to expand their energy efficiency and emissions 
research and development programs; and 


¢ although significant revenues are collected by the government, there is no net cost to 
society since taxes do not lower national income but redistribute it. 


An example of a fuel tax which induces change in consumer and producer behaviour is a 
threshold tax imposed on the price of gasoline. If the market price for gasoline is below the 
threshold level, a tax is imposed up to the price desired. If the price is at or above the 
threshold no tax is applied. Over time, the threshold level could be changed to reflect changes 
in policy objectives. 


Taxes on fuel as a market instrument have several disadvantages. If the tax takes the form of 
a threshold tax, administrators must determine what the threshold level would be to create the 
desired consumer response. Once the tax threshold level is determined continual monitoring is 
required to ensure that the tax remains effective. 


Of greater concern is the long term effectiveness of fuel taxes. Typically, the objective of the 
tax is to encourage car owners to purchase fuel efficient motor vehicles. Initially the fuel tax 
results in higher operating costs for car owners. Over time car owners will purchase more fuel 
efficient vehicles to lower their operating costs. However, increased prices for motor fuel 
have a diminishing effect on normal operating costs for car owners as the fuel economy of 
the motor vehicle increases (von Hippel, 1983:113—114). The car owner who has purchased a 
fuel efficient vehicle which requires no greater relative expenditure for fuel purchase than 
prior to the implementation of the tax has less incentive to purchase an even more fuel 
efficient vehicle. In the United States the effectiveness of a fuel tax is estimated to diminish 
once the consumer owns a car that achieves about 7.84 litres per 100 km (30 miles per U.S. 
gallon) (Bleviss, 1988:162-163) An increase in the tax on fuels is only a partial solution to 
this problem since the effectiveness of the tax diminishes as the fuel efficiency increases. 


Finally, fuel taxes which encourage the purchase of highly efficient motor vehicles may result 
in increased emissions of pollutants (Khazzoom, 1990:457). As the fuel efficiency of motor 
vehicles increases the marginal cost per kilometre driven lowers, resulting in an increase in 
the demand for travel. Since many emissions limits are set on the basis of distance travelled 
(e.g. g/km), the greater amount of travel may increase emissions. 
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Green taxes or carbon taxes 


Fuel taxes could be adjusted to reflect the relative environmental cost of the fuel. Such taxes 
on fuel are often called green taxes or carbon taxes. The green tax varies depending on the 
content of a pollutant and encourages the purchase of motor vehicles or the switching to 
alternative fuels with lower emission levels of the pollutant. Green taxes are used in some 
European countries to encourage consumers to switch from leaded to unleaded gasoline 
(Oschpoor, 1989:35). In Ontario a differentiated fuel tax between leaded and unleaded 
gasoline was instituted in 1988 to discourage misfueling vehicles designed for unleaded 
gasoline. Its effectiveness as a green tax, however, is unknown due to the subsequent 
accelerated phasing out of leaded gasoline. 


The application of a green tax is not administratively difficult since most countries already 
have some form of fuel tax to which the green tax could be added. However, it is not clear 
how one determines the appropriate value of a green tax. For example, a number of proposals 
for a carbon tax on fossil fuels have been advocated in recent years. The estimated value of 
such a tax, achieving a significant reduction in carbon emissions, varies between 4 dollars and 
860 dollars (1988 Cdn) per tonne of carbon.’ 


To achieve stable carbon dioxide emissions by 2000 at 1988 levels or a 20 per cent reduction 
in carbon dioxide emissions by 2005 from 1988 levels from motor vehicles in Ontario a 
simple estimate can be made of the required level of a carbon tax. For representative purposes 
only, the level of a carbon tax on gasoline and the aggregated total carbon tax based on the 
MENY model to achieve a twenty per cent reduction in carbon dioxide emissions by 2005 
and stable carbon dioxide emissions by 2000 and are presented in Table C-20 and Table C-21 
respectively. The potential level of carbon taxes for 1995, 2000 and 2005 are presented. The 
tax is applied to inter-city aviation, automobiles and light trucks, commercial and freight 
trucks, and marine vessel energy use as well as all urban and other transport modes excluding 
public transit. The inclusion of all motor fuels or of all carbonaceous fuels would change the 
required tax. 


The range of estimated carbon taxes represents different assumptions regarding the initial year and price of 
oil, emission reduction objectives and region to which the tax is applied. See, Barrett, 1990a:15-31 and 
Barrett, 1990b:4-10. Assuming 642.6 grams of carbon per litre of gasoline this is equivalent to a 0.2 cents 
to 55 cents (1988 Cdn) increase in the price per litre. 
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Table C-20 
Estimated carbon tax required to achieve a twenty percent reduction from 1988 CO, emissions 


by 2005. 
| 199s | 2000 | 2005 | 
Ll: Soyer SY PN rg ca | 


Forecast fuel price including current fuel taxes 53.94 54.51 55.81 
(1988 eS ae 


| Proposed carbon tax (1988 cents/litre) carbon tax (1988 cents/litre) 15.41 35.89 a cean | 83 
New fuel price including all taxes 69.35 90.40 116.64 
(1988 cents/litre) 


Carbon tax (1988$/tonne CO2)™ | Carbon tax (1988$/tonne C02" | GS $152 $258 


Note: 

* - Assumes a price elasticity of demand for fuel consumption of -0.35. Tax required as a 
per cent of fuel price equals the fuel consumption reduction target divided by the 
absolute value of the price elasticity. Per cent numbers are rounded. 

2 


- Based on 67.98 grams of carbon dioxide per litre of gasoline. 
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Table C-21 
Estimated carbon tax required to achieve stable 1988 CO, emissions by 2005. 


[Reducion fuel comuapion «dee tse | ee 
[Taxa Fer Cem of Font Pio’ | se | aie | aiw 
a a 
Taxes (1988 as i dae 

| Proposed Carbon Tax (1988 Cents/Lite) _| Carbon Tax (1988 Cents/Litre) 
(1988 Cents/Litre) 


Carbon Tax (19886/Tonne C02)" Pee coor ae 


Note: 

* - Assumes a price elasticity of demand for fuel consumption of -0.35. Tax required as a 
per cent of fuel price equals the fuel consumption reduction target divided by the 
absolute value of the price elasticity. Per cent numbers are rounded. 

ok 


- Based 67.98 grams of carbon dioxide per litre of gasoline. 


The price elasticity of demand chosen, -0.35, reflects a moderate long term price elasticity of 
demand based on a survey of the literature.‘ Lower price elasticities of demand (-0.35 to 
-0.1) reflect the level of a carbon tax required in the short term to achieve a policy objective; 
the level of taxation required over a shorter period of time to achieve the policy objectives 
would be higher. Higher price elasticities (-0.35 to -1.0) of demand reflect the level of a 
carbon tax for achieving the policy objective over a longer period of time; the carbon tax 
required would be lower. 


The estimated carbon tax to achieve a 20 per cent reduction in carbon dioxide emissions by 
2005 (Table C-20) is $258 per tonne of carbon dioxide in 2005. This would add 61 cents to 
the price of a litre of gasoline by 2005. 


* The range of price elasticities examined for the study reflect the estimated price elasticities from a number 


of studies. See: Ontario Ministry of Energy, 1988 estimates of the short term price elasticity of demand; 
Greene, 1990; Dahl, 1986; Sandbach, 1988; Hsing, 1990; and Drollas, 1984. 
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The estimated carbon tax to achieve stable 1988 levels of carbon dioxide emissions by 2000 
is about $72 per tonne of carbon dioxide in 2000 (Table C-21) or an additional 17 cents per 
litre of gasoline. 


The expected reduction in energy use resulting from the carbon taxes is presented in 

Table C-22. To achieve stable carbon dioxide emissions by 2000 at 1988 levels overall fuel 
consumption must drop 18 per cent by 2000. A 20 per cent reduction in carbon dioxide 
emissions from 1988 levels by 2005 requires a 38 per cent reduction by 2005. This 
corresponds to a rate of fuel consumption of 6.03 L per 100 km for the entire gasoline 
automobile fleet in 2005. 


The total transportation sector energy savings as a result of the carbon tax are presented in 
Table C-23. The energy savings resulting from the adoption of a fuel tax to achieve the 
objective of 1988 carbon dioxide emission levels by 2000 are estimated at about 130 PJ/a in 
2000. A carbon tax which achieves a 20 per cent reduction in carbon dioxide emission from 
1988 levels by 2005 is estimated to save about 390 PJ/a in 2005. 


In addition, a reduction in travel demand is also assumed as a result of the carbon tax. The 
carbon tax applied to achieve stable carbon dioxide emissions at 1988 levels by 2000 is 
expected to achieve about a 2 per cent reduction in travel demand. The carbon tax applied to 
achieve a 20 per cent reduction in 1988 carbon dioxide emission levels by 2005 results in a 5 
per cent reduction in travel demand by 2005.° 


Table C-24 presents a survey of the proposed level of carbon taxes in other jurisdictions and 
their emission reduction objectives. These carbon taxes range from $3 to almost $800 (U.S.) 
per tonne. The level of carbon taxes discussed in this report to achieve a 20 per cent 
reduction in carbon dioxide by 2005 is about $258 (Cdn) or about 109 per cent of the 2005 
forecast price of gasoline. This simple estimate of a possible carbon tax for Ontario, based 
only on the price of gasoline, is generally higher than the carbon taxes estimated in studies 
which examined the 20 per cent reduction from 1988 levels presented in Table C-24. 


More sophisticated analysis which considered all carbon emitting sources, alternative fuels, 
consumer income and capital substitution for Ontario is expected to lower the carbon tax 
estimated in this study (Barrett, 1990:17). Such analysis may result in the estimation of a 
carbon tax for Ontario consistent with estimates of similar taxes in other jurisdictions. As 
such, the carbon tax discussed in this study is for illustrative purposes only. Further study is 
required to determine the level, extent and impact of a carbon tax applied at a provincial, or 
national, level. 


° Price elasticity estimates do not provide information on how much of the response is attributable to 


efficiency improvements and how much is attributable to demand reductions. However, several studies 
suggest that travel demand by automobile (km/a) is quite inelastic (Bleviss, 1988:164). 
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Table C-22 
Estimated Reduction in fuel consumption in per cent — all transport modes to achieve 
scenario objectives 


Stable carbon dioxide Twenty per cent reduction 
Emissions by 2000 at in carbon dioxide emissions 
1998 levels from 1988 levels by 2005 


Note: Percentages are reductions required relative to the base case. 


Table C-23 
Total transportation sector energy use savings—all transport modes 


Stable Carbon Dioxide Twenty Per Cent Reduction 
Emissions by 2000 at in Carbon Dioxide Emissions 
1998 levels from 1988 Levels by 2005 
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Table C-24 
Survey of Studies on Carbon Taxes and their Effects on Carbon Emissions Reduction 


Carbon Tax Per Cent of Emission Reduction Region 
(US$ per Tonne) Oil Price 
Nordhaus 9% in 2050 
(1989) ; 
28% in 2050 
Bart (1990)? 20% in 1988___|_United Kingdom 
20% in 1988 by 2050_| United Kingdom 


Ingham and $96 — $226° 57% — 128% 20% in 1988 by 2050 United Kingdom 
Ulph (1989) Manufacturing 
Bye, Bye and $139° 20% in 2000 Norway 


Lorensten 


$139° 0% relative to 1987 Norway 
$772 at peak” 600% in 2100 United States 


(1989) 


Manne and 
Richels (1989) 


$331 in long run 20% relative to 1985 
Cline (19899) $1745 100% 57% in 2050 World 
21% relative to 1985 
Edmonds and $136° 78% 40% in 2050 World 
Reilly (1983) -204% relative to 1985 
Howarth, $687 in 2050 small 103%° 26% in 2050 World 
Nikitopoulus GDP effect’ -95% relative to 1985 
and Yohe E j 
$600 in 2050 large 103% 47% in 2050 World 
GDP effect? -40% relative to 1985 


(1989) 


U.S. EPA $68° in 2050 39% 45% in 2025 World 
(1989) 14% relative to 1985 


1 
$179° in 2050 103% 55% in 2025 World 
; 12% relative to 1985 
Kram and $50 in 2020 5% — 10%'° 50% in 1988 Netherlands 
Okken (1989) 


Source: Barrett, 1990. 


Notes: 
1. Calculated relative to crude oil at, $20 (US) per barrel. 
2. Revised from previous estimates. 
3. Assumes an exchange rate of $1.60(US) per £. 
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10. 


Relative to the 1988 price of imported oil, £62 per tonne or about $13 per barrel. 
The second estimate assumes that emissions in 2005 need to be reduced by 35% 
if the 1988 level of emission is to be reduced by 20%. Ingham and Ulph’s (1989) 
upper bound estimates assumes that emissions would have to be reduced by 
almost 50% in 2005 to achieve the same target. 

Calculated for crude oil at, $20 (US) per barrel. 

Bye, Bye and Lorensten (1989) predict that oil prices will be 5% higher in 2000 if 
there were-no carbon tax.- Hence the carbon tax amounts to 75% of the price of 
oil in 2000, or 80% of the price in 1987. 

The tax is first applied in 2000 at just over $110 per tonne, and reaches a peak in 
2020. 

The authors apply a 100% tax to a composite of fuels having an average carbon 
content of 929 kg of carbon per tonne of oil equivalent (or 19.8 gC per kBtu). 
The 103% tax was found by adjusting the 100% tax for the average carbon 
content of oil (20.3 gC per kBtu). These tax rates are based on prices 
corresponding to the carbon tax case. Without the carbon tax, the price of energy 
would be higher--50% higher when the GDP effect is “small and 31% higher 
when the effect is “large“ compared to the cases where there is no carbon tax. 
The price of oil in 2050 is predicted to be $79 per barrel when the GDP effect is 
“small“ and $69 per barrel when the effect is “large“. 

Relative to prices in 2050. This is equivalent to a 28% tax on the current price of 
oil. 


C.3.4 Ownership or gas guzzler taxes 


Ownership taxes can be applied at two levels, the time the motor vehicle is purchased, and 
through annual motor vehicle licensing and registration. In Ontario, ownership taxes are 
applied to motor vehicles for licensing and registration, on tires, air conditioning and fuel 
inefficient passenger cars. 


Taxes on vehicle ownership whose objective is to alter market behaviour are usually 
progressive; increasing according to the vehicles weight, engine-cylinder capacity, fuel 
efficiency or emissions rating (Bleviss, 1988:164-165). These taxes may also vary with the 
year of purchase or by the type of fuel the vehicle uses. Progressive ownership taxes are 
considered to be relatively easy to implement and administer. 


_ The degree to which the tax varies according to the policy objective determines the 
effectiveness of ownership taxes. Many countries already have motor vehicle ownership taxes, 
however, the level of and degree of progressiveness of these taxes are ineffective for altering 
consumer behaviour. In such instances ownership taxes serve as a means to generate revenue 
for the government or cover the administrative costs of vehicle registration and licensing. 


Ontario’s gas guzzler tax 


In Ontario, the tax on fuel inefficient passenger cars acts as an incentive to encourage the 
purchase of fuel efficient motor vehicles. The surtax applies to passenger vehicles, excluding 
vans and light-trucks, with poor fuel economy. The amount of the tax is determined by how 
far a vehicle’s Transport Canada rated fuel efficiency is above the fuel economy threshold of 
9.5 L/100 km highway rating. The level of these taxes on July 1, 1989 are shown on 

Table C-25. 


To achieve a reduction of new passenger vehicle fuel consumption of 30 per cent, 35 per cent 
and 40 per cent the effective level of a gas guzzler tax must achieve new fleet passenger 
vehicle efficiency levels by 2005. The new fleet combined urban and highway fuel efficiency 
standard reflects the estimated reduction in fuel consumption achievable through new CAFE 
standards (See, Table C-4). These new standards are listed on Table C-26 and result in an 
overall reduction in passenger vehicle fleet fuel consumption of 20 per cent, 26 per cent and 
32 per cent, reflecting low, high and medium levels of the adoption by motor vehicle 
operators of more fuel efficient vehicles as a result of the tax. 


The gas guzzler tax is also applied to commercial and heavy trucks resulting in a reduction in 


fuel consumption of 10 per cent, 13 per cent and 14 per cent for the three levels of 
implementation. 
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Table C-25 
Ontario’s gas guzzler taxes. 


Rating (L/100 km) (1989$) 


Table C-26 
Required new passenger vehicle fleet fuel economy. 


New passenger vehicle fleet fuel 
consumption reduction relative 
to 1988 
(%) 


New passenger 
vehicle fleet fuel 
consumption consumption in 2005 
objective (L/100 km) (L/100 km) 


Passenger vehicle 
fleet fuel 
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For illustrative purposes only the level a gas guzzler tax to achieve the targeted reduction in 
passenger vehicle fuel consumption was estimated. The estimated tax rate to achieve these 
fuel efficiency standards for passenger vehicles, assuming a price elasticity of demand of 
-0.35 is presented in Figure C.1 and in Table C-27. The tax rate varies with the rated 
combined urban and highway fuel efficiency of the passenger vehicle and the reduction in 
fuel consumption objective and is calculated in dollars as follows: 


L/100km* 
L/100km 
0.35 

100 


Oli 
( L/100km - L/100km* ) x [ 


) 
] x 80,000 x 55.81 


where, L/100 km is the combined urban and highway rated passenger vehicle fuel 
consumption and L/100 km‘ is the target objective rate of fuel consumption found in 

Table C-26, and 0.35, 80 000 and 55.81 are the price elasticity of demand for fuel 
consumption, the expected kilometres travelled by a passenger vehicle over five years and the 
forecast price of gasoline in 2005 respectively. 


For example, to achieve a 30 per cent reduction in fuel consumption, a gas guzzler tax of 

$ 900 is applied to passenger vehicles with a combined rated fuel efficiency of 10 L/100 km 
while a $ 6,100 tax is applied on a vehicle with a combined rated fuel efficiency of 

16 L/100 km. 


G35 Conclusion 


Market instruments can be an efficient tool for creating changes in the behaviour of 
consumers and producers. Fuel and ownership taxes provide an incentive for consumers and 
producers to shift towards more fuel efficient or cleaner burning vehicles. However, 
regulatory standards and goals are still needed to apply these instruments. As such market 
instruments are an alternative tool which can enforce legislation more efficiently than 
traditional command and control approaches. 


Market instruments also result in inequities. Taxes on motor vehicle fuel and ownership 
would be a greater burden to lower income groups, adversely affect other sectors of the local 
economy, such as tourism, and create an incentive for people near the border to go South to 
buy gasoline. As such, taxes on vehicles as an incentive for energy efficiency or 
environmental quality must be applied 1 in conjuction with other policy objectives which 
minimize these inequities. 
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Table C-27 
Estimated gas guzzler taxes for passenger vehicles to achieve a 30, 35 and 40 per cent 
reduction in fuel consumption 


Gas guzzler tax in 2005 


30 per cent 35 per cent 40 per cent 
Passenger vehicle’s reduction in fuel reduction in fuel reduction in fuel 
rating (L/100 km) consumption consumption consumption 


Note: The gas guzzler tax is calculated assuming: 


° price elasticity of fuel consumption, - 0.35; 

° price of gasoline, 55.81 ¢/L in 2005; 

° average passenger vehicle life of 5 years and 167 000 km/a (80 000 km travelled over 
five years); and 

° fuel consumption objectives presented in Table C-26. 


The tax is estimated using the following equation: 
Tea (Vee TX dood l V,) i Ea D: XP, 
where, 
T,, is the gas guzzler taxd ($), 
V, is the vehicle’s fuel rating (L/100 km), 
T, is the target fuel rating (L/100 km), 
E, is the price elasticity, 


D, is the distance travelled over five years (km) and 
F, is the fuel price ($/L). 
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Carbon taxes are applied to achieve two scenario objectives in this study. 

° A tax resulting in an 18 per cent reduction in the provincial fleet fuel consumption by 
2000 to maintain carbon dioxide emissions at 1988 levels. The estimated fuel savings 
in 2000 is 130 PJ/a. 

° A tax resulting in a 38 per cent reduction in the provincial fleet fuel consumption by 


2005 to lower carbon dioxide emissions 20 per cent from 1988 levels. The estimated 
fuel savings in 2005 is 289 PJ/a. 


For this study the use of a gas guzzler tax to reduce fuel consumption is assumed equivalent 
to the application of new CAFE standards. 

° A low scenario reducing fuel consumption 20 per cent or 105 PJ/a by 2005. 

° A medium scenario reducing fuel consumption 26 per cent or 137 PJ/a by 2005. 

° A high scenario reducing fuel consumption 32 per cent or 164 PJ/a by 2005. 

The potential cost and revenues from either a carbon tax or a gas guzzler tax in the Province 


were not estimated since the tax rates calculated in this study are for illustrative purposes 
only. 
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Appendix C.4 Transportation and 
land-use 


Transportation is required to get people from where they are to where they want to be. The 
fact that they are not already where they want to be indicates an inadequacy. The farther they 
are from where they want to be, the greater this inadequacy, and the greater the need for 
transportation. 


The pattern of land-use is a key determinant to how close people are to where they wish to 
be, and how much transportation they require. In addition, land use patterns affect the 
viability of particular modes of transport. For example, bicycling or walking is more practical 
where distances are short than where they are long; automobiles may be the only option 
where distances are long and few other people are travelling in the same direction at the same 
times. 


There are two key characteristics of land-use that affect transportation demand: the density of 
population occupying the land, whether residential or employment related, and the distribution 
of different land uses. The importance of density is quite obvious: the higher the density, the 
higher number of possible destinations within a given distance from any point. Distribution 
affects the distance to the specific destinations one is going to. For example, if workplaces, 
schools, shopping facilities and other destinations are distributed throughout the community, 
then they are probably going to be closer to trip origins (e.g. homes) than they would be if all 
the workplaces were concentrated in one area, all the schools in another and so on. 
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C.4.1 Density and distance 


Increasing density will decrease the distance required to reach the same number of 
destinations, and hence will reduce transportation demand. This is evident in both 
considerations of alternative development plans (Table C-28) and from observations of other 
cities with comparable quality of life to that in Ontario (Table C-29). 


C.4.2 Distance and mode 


By decreasing the distance that needs to be travelled, a second benefit beyond tiie savings 
associated with the need to travel shorter distances is the increased potential for travelling by 
different, more energy efficient modes. 


Table C-28 
Transportation energy implications of alternative development patterns 


100% 
81% 
63% _ 
Combination mix, 50% Planned 
Urban Development, 50% sprawl 


Notes: * population per hectare of developed area (calculated from RERC, 1974:92) 
» calculated from RERC, 1974:147. 


Gasoline use (relative to low 
density sprawl)? 


As the length of a trip decreases, walking and bicycling become more and more attractive. An 
illustration of this is presented in Table C-30 which indicates how mode and dis-ance relate. 
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Table C-29 
The relationship between transportation energy use and density for selected cities 


Employment Land use Gasoline 
density intensity (MJ/person) 
(persons/ha) (jobs/ha) (pop.+jobs/ha) 


Toronto 


Frankfurt 


Table C-30 
Modal share of bicycling and walking by trip length and purpose 


Source: Replogle, 1983. 
Notes: Data for Japan, 1975. Total trips accounts for trips other than just work, school and shopping. 
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C.4.3 Density and mode 


As density increases, so does the use of less energy intensive (than private automobiles) 
transportation modes. Beyond the obvious correlation between density and distance, this 
reflects the increasing viability of public transit when there are more people wanting to go in 
a particular direction. At 2000 persons per square kilometre, public transit is not viable; at 
8000 persons per square kilometres, public transit can generate revenue (Metro Planning, 
1990). 


C.4.4 Applicability to Ontario 


Ontario’s population is expected to grow to 11.5 million people by 2005 from 9.1 million in 
1988. The number of household will grow even more quickly. In addition, assuming a sixty 
year average life for residential buildings by 2005 about 4.7 million people, or 40 per cent of 
the population will be housed in new dwelling units build after 1988. Through a combination 
of “urban intensitification”, including in-filling, and building 4-6 story residential buildings 
along major arteries, and greater use of planned urban communities, a saving in urban travel 
demand of 25 per cent for these new developments might be expected (10% overall). 


Requiring all new development to occur within existing urban areas after 1995 might be 
expected to reduce transportation demand by about 15 per cent. 
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Appendix C.5 Traffic management 
measures 


C.5.1 Introduction 


The objective of traffic management initiatives is to improve the vehicle rate of speed and 
changes in speed at which the vehicle travels, and reduce the number and duration of vehicle 
stoppages. These traffic systems improvements result in fewer stop-and-go occurrences, 
reduced idling time for vehicles and a decrease in the amount of traffic congestion. The 
additional benefits which may arise include: 


° decreased energy use; and 
« decreased emissions. 


However, a strategy of traffic improvement measures may not result in a fuel savings and 
emissions reduction. If the construction of new roadways is undertaken to improve a traffic 
congestion problem the result may be an increase in energy use and emissions due to 
increased vehicle traffic and a shift from public transit to motor vehicles. Therefore, caution 
must be taken when implementing traffic management measures in isolation as energy use can 
actually increase as driving becomes easier and more pleasant; increasing the number of cars 
on the road.' Thus, it becomes important for traffic management to be applied in an area- 
wide fashion to achieve the desired result. To reduce congestion, incentives or disincentives 
which encourage mode shifting to transit and other high occupancy vehicles are required in 
conjunction with traffic management measures. 


1 Some authors have argued that fuel savings do not accrue from decreasing congestion and increasing 
vehicle speeds (See, Newman and Kenworthy, 1989.) 
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Incentives are used to alter vehicle operator’s mode choice and promote the use of alternative 
transportation management systems. Applicable incentives include: 


e priority at metered ramps; 

° transit/HOV facilities (park and ride lots with easy access); 
° transit fare and service integration; 

. high transit profile (marketing); and 

° tax credits for transit users. 


Disincentives can also be used to shift people from autos to other modes of transportation: 


° gas taxes 
° parking taxes 
° ownership taxes. 


When traffic management measures are implemented within a transportation management plan 
improvements in traffic flow will occur over the long term and the potential energy saving 
and emission reduction benefits may be realised. 


C.5.2 Potential traffic management measures 


A list of potential traffic management measures is presented in Table C-31. The measures are 
more effective in developed urban areas, along major travel corridors and where the street 
conditions are suitable for utilizing traffic management measures. The cost (1988$) associated 
with potential traffic management measures is estimated as follows: 

¢ Low cost: less than $50,000 per kilometre. 

¢ Medium cost: $50,000 to $250,000 per kilometre. 

¢ High cost: greater than $250,000 per kilometre. 

In general, the implementation of traffic management measures is site specific. Improved 


traffic signal systems can be implemented on an area wide basis, systems and high occupancy 
vehicle lanes can be implemented on a corridor basis. 
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Table C-31 
Potential energy savings due to improved traffic management 


Potential decrease in Expected cost 
energy use 
Improved traffic signal 3.5% - 20% Medium to high 


systems 
20% 
5% - 25% 


een ieaderengee 


Widening of intersections © 
One-way street systems 


Replacement or removal of 


signs and signals 
Improved signal timing % 


Flashing of signals 


Decrease varies 


eee eee | 


Freeway control 


Improved street signing Small decrease 


Improved route Small decrease 


identification 


O 


Turning restrictions 


Reversible lanes 8% - 10% 


Sources: Ontario Ministry of Transportation and Communications, 1982. 
Yu, 1984. 
Berkshire County Regional Planning Commission, 1982. 
U.S. Department of Transportation, 1983. 


Low 

Low 

Low 

High 

Low 

Low 
% 
Bus bays 


Parking restrictions 
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C.5.3 Criteria and concerns 

The selection of traffic management measures is based on a number of criteria 
¢ level of urban density and development 

¢ current traffic flow patterns and problems 

* expected cost 

* improvement in travel time 

e planned development and land use 

¢ effect on mode split 

¢ effect on travel demand 

* potential energy savings 


* potential emissions reduction 


C.5.4 Effectiveness in Ontario 


The need for efficient transportation routes has grown along with the population and 
employment to the point now where congestion on the streets and highways is a public 
concern in major urban centres like the Greater Toronto Area (GTA). Congestion is 
widespread affecting not only freeways, but many municipal roads. This situation not only 
results in delays for commuters; it also has a negative impact on trucking and other 
commercial activity. Current congestion on provincial highways results in: 


° speeds of 50 km/h or less for the peak hour; 


° speeds of 55 km/h or less for the peak period; and 
° decreased growth. 


Although the GTA experiences the worst traffic congestion in Ontario, it is also the area 
which has incorporated several traffic management measures including: 


¢ freeway traffic management systems (FTMS); and 
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* computerized traffic signal control systems. 


Studies are presently being conducted within the GTA to establish potential transit and high 
occupancy vehicle lane corridors. The potential to establish energy use reduction and cost 
estimates of these area wide initiatives are presented on Table C-32. 


Table C-32 
Impact of traffic management measures on the Greater Toronto Area 


Potential Energy Use 
systems 


$%-25% 
Reversible lanes 8%-10% 


4% 


Source: Ontario Ministry of Transportation and Communication, 1981;1982. 


Based on the regional trip analysis described in Section C.3 the Greater Toronto Area 
constitutes about 36 per cent of the province’s automobile and light truck energy use. 
Improvements in the GTA would result in a provincial fuel savings from automobiles and 
light trucks of between 1 and 9 per cent on a provincial basis. 


The potential for decreased energy use from traffic management measures in other areas of 
the province depends on the nature of the traffic problem, urban intensity, and the extent that 
traffic management measures have been implemented. It is expected that if major traffic 
management initiatives were adopted where appropriate in the Province, an energy savings of 
between 5 per cent and 10 per cent of urban energy use could be achieved by 2005. Such a 
saving corresponds to between 16 PJ/a and 36 PJ/a by 2005 (Table C-33). 
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C.5.5 Conclusion 
Two levels of effectiveness of traffic management measures are considered in the analysis of 
energy use and emissions: 


¢ low utilisation of traffic management measures resulting in a 5 per cent reduction in 
urban fuel consumption; and 


¢ medium utilisation of traffic management measures resulting in a 10 per cent reduction in 
urban fuel consumption. 


The increased use of traffic management measures through-out the Province is estimated to 
reduce fuel consumption by 16 to 36 PJ/a by 2005. 


Table C-33 
Potential reduction in energy use from traffic management measures in Ontario 


Potential energy savings (PJ/a) 


Measure/Action 


Urban traffic management - low 
estimate of reduction in urban Energy 
use 


Urban traffic management - medium 
estimate of reduction in urban energy 
use 
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Appendix C.6 Inspection and 
maintenance programs 


To help ensure compliance with emissions regulations, a number of jurisdictions require 
periodic inspections of automobiles. Among these jurisdictions are Switzerland, Sweden, West 
Germany, the Netherlands, and parts of the United States (OECD, 1988). As of 1987 
inspection and maintenance (I/M) programs were operating in 59 urban areas in 31 states in 
the United States (Armstrong, 1987). The major purpose of the programs is to reduce the 
emissions from cars with excessive emissions due to engines being out of tune or defective 
emissions control equipment resulting from faulty components or tampering. Since a tune up 
and repairs that minimize emissions also provides most of the benefits of a complete tune up 
to minimize fuel consumption, I/M programs are also effective in lowering fuel consumption. 


There are currently no I/M programs in operation in Canada. I/M programs are being 
considered by British Columbia for the greater Vancouver area, and by Ontario and Quebec 
for the Windsor-Quebec City corridor. Both areas experience some problems with ground 
level ozone, and the primary purpose of the I/M programs would be to reduce emissions of 
HC and NO,, which are the precursors of ozone. 


The potential gains in emissions and fuel consumption reductions that can be achieved 
through I/M programs depend on the type of program, the level of competence of the 
inspectors, level of enforcement and other factors. From a number of studies of pre-1980 
motor vehicles (i.e. those without computer engine controls) it is evident that, on average, a 
fuel economy gain of four to five percent is likely for a sample of vehicles that fail emissions 
inspections (Harriott, 1980). Studies of newer cars, most of which have computer controls, 
found that after being repaired, the fuel economy of cars that did not pass I/M inspections 
improved by three to seven percent (Armstrong, 1987). As fewer than 50 percent of vehicles 
typically fail the I/M inspection the overall fleet fuel economy improvement associated with 
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the maintenance mandated by the I/M programs is about two to four percent. However, 
because drivers are aware of the requirements for vehicle testing, it is likely that tested 
automobiles are already better maintained—and therefore more likely to pass the inspection— 
than vehicles in jurisdictions without testing requirements. Consequently, improvements 
associated with the program as a whole may be considerably higher. One estimate of the 
energy savings associated with improved vehicle maintenance estimated these at fifteen 
percent (DPA, 1989:26). 


The United States Environmental Protection Agency (EPA) has established a goal of 25 
percent reduction in HC and CO by implementing I/M programs. However, the EPA goals are 
not achieved in most cases. 


The California experience with its I/M program provides some useful insights into the 
emissions reductions that may be possible in Ontario through an I/M program. An evaluation 
of California’s new I/M program, which was started in 1984, was published in 1987 
(Sommerville, 1987). The California I/M program, called "Smog Check" requires passenger 
cars and light trucks to be inspected at licensed private stations once every two years and on 
change of registration. A comprehensive evaluation of the program determined that the 
program was reducing HC, CO and NO, emissions by 12, 10, and 4 percent, respectively. 
(Fuel economy improvements were not considered in the evaluation.) The reductions were 
falling short of the EPA goals due to deficiencies in testing procedures, mechanic 
qualification requirements and enforcement practices. 


Assuming that all of the deficiencies are corrected, the theoretical benefits of the Smog Check 
program are shown in the table below. 


Table C-34 
Theoretical benefits of improving the smog check program 
(in percent) 


Baseline benefits 


Eliminate all 
tampering 


Repair non- 
tampering defects 


Total 42.3 


Source: Sommerville, 1987. 
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C.6.1 Effectiveness in Ontario 


Based upon the results of the studies of fuel economy improvements discussed above and the 
results of the evaluation of California’s I/M program, estimates of the fuel consumption 
reductions from the passenger car and light truck fleet that could be achieved through an I/M 
program are conservatively estimated at five percent. In the absence of better information 
more specific to Ontario, it is assumed that the emission reductions presented in Table C-34 
are applicable to Ontario. 


C.6.2 Program costs 


The major costs to a regulatory agency of an I/M program would be for operations and 
enforcement, and will vary depending on the types of tests performed and the frequency with 
which inspections are required. Nevertheless, costs can be expected to be quite modest. In 
Washington State, the 1982 cost of removal of one tonne of CO and hydrocarbon emissions 
was estimated at $140 (OECD, 1988). In Canada, costs have been estimated to be $16 per 
vehicle inspected per annum, with a cost of reducing NO, and VOCs of 1225 $/t 
(VHB,1989:30). 


Most or all of the program costs could be recovered through fees charged to vehicle owners. 
Apart from the I/M fee, the costs of carrying out any necessary repairs would also be borne 
by vehicle owners. The burden of repair costs typically falls on lower income people since 
they tend to drive older cars and cannot afford to keep them in as good repair as higher 
income people. In order to limit the costs to low income people some I/M programs have a 
limit on the cost of repairs. For example, California limits repair costs to $50. While this 
removes some of the burden on lower income people, it also limits the gains that are possible 
from an I/M program. Although most vehicles failing tests need only minor adjustments or 
replacement of inexpensive parts, the average repair cost to pass a retest in Washington State 
in 1982 was $48. The more stringent the I/M program, the greater will be the need for repairs 
to cars that fail the inspections. Unless the program includes free or subsidized repairs, lower 
income people will bear a disproportionate part of these costs. 
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Appendix C.7 Incentives for substituting 
communications for 
transportation 


Much of the reason for transportation is to communicate. People travel to meet with other 
people, or to deliver documents. Rapid change in the electronics industry has lead to the 
development of technologies that can enable communications without transportation. This 
section considers technologies that enable communications to be substituted for transportation, 
and estimates potential energy savings. 


C.7.1 Communications technology 

Almost any communications technology provides a potential substitute for transportation. The 
best known is the most readily available: the telephone. Other technologies, or ways of using 
them can also decrease the need for transportation. Among these are: 

¢ audio and video technologies for teleconferencing 

e facsimile machines for transmitting documents 

* computers and modems for exchanging data, or messages 


¢ advanced telephone equipment. 


Each of these technologies can reduce the demand for transportation, and the energy use and 
emissions associated with it. 
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Teleconferencing 


Teleconferencing is defined as a means of linking three or more individuals in separate 
locations, electronically (Cukier,1985). There are a wide range of potential technologies, 
including conference calls, freeze-frame video, and full-motion video. 


Video-conferences are becoming increasingly popular, and some are predicting that video- 
conferencing will change the shape of business in the 1990s the way the fax machine did in 
the 1980s (McArthur,1991). Among the factors contributing to the upsurge in interest in 
video-conferencing are the recession, and concerns about air safety in light of the Gulf War. 
However, this increase indicates that much business travel is non-essential and could be 
served through via other means. 


For many meetings, teleconferencing is a cost-effective alternative to travel, particularly 
where involvement of a large number of people is required. 


It is estimated that teleconferencing has the potential to reduce transportation energy use by 
two per cent (Cukier, 1985). 


Telecommuting 


About 900 000 businesses are operated out of homes in Canada, though many of these use 
their homes merely as a base for activities such as fishing and sales. However, a rapidly 
growing component of home work is professional activity using advanced technologies. The 
widespread availability of fax machines and personal computers has eliminated or reduced the 
need for many workers to commute to work every day. For many workers in the service 
sector, working from home is an increasingly viable alternative to the daily commute. 


As these technologies proliferate, working from home can be expected to increase. If by 2005 
ten percent of the workforce telecommutes by 2005, energy savings can be expected to be 
about two percent of total energy use. 


Advanced telephone technology 


The telephone company has long based much of its advertising on its ability to economically 
replace travel. With advanced telephone technology, more and more services will be 
accessible from the home, including banking, entertainment and information services. 
However, the potential for these services to supplant energy use for transportation is likely to 
be quite small, in the order of one per cent of total energy use. 
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C.7.2 Measures fo encourage communications instead of 
transportation 


Many of the economic measures already discussed will make communications an increasingly 
attractive alternative to transportation. Other measures that can be taken include information 
and education programs, demonstration of potential benefits through continuing government 
use of teleconferencing, for example, and removal of regulatory barriers such as archaic 
zoning by-laws which disallow even compatible mixed land-uses, and service pricing on the 
basis of minimum connect times and voice-based bandwidths. 


C.7.3 Potential energy savings 


There are few published estimates of the potential transportation energy savings associated 
with communications technologies. However, with the proliferation of new technologies, at 
increasingly affordable costs, it is does not seen unreasonable to estimate that overall 
communications could replace one trip in twenty, or 5 per cent of all trips. Since 
communications is relatively insensitive to distance, it is not unreasonable to assume that if 
communications replaces 5 per cent of all trips, that it can displace 5 per cent of 
transportation energy use. This amount is used in the scenarios. 
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Appendix C.8 Restricting transportation 
demand 


A further means by which emission reductions and energy savings can be brought about is 
through restricting the demand for transportation. This can be done in several ways, with 
varying degrees of effectiveness and affecting different transportation modes. These include: 


e placing restrictions on where people can travel 
¢ placing restrictions on when people can travel 


* — restricting how much people can travel (or at least how much fuel they can use to travel) 


C.8.1 Geographic restrictions on travel 


Numerous measures are available to reduce transportation in specific areas including traffic 
cells, parking restrictions, and high occupancy vehicle lanes. 
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Traffic cells 


Several European cities, including Géteborg, Sweden; Bremen, West Germany; Besancon, 
France; Groningen, Netherlands have implemented traffic cells to restrict the use of 
automobiles within the city (Lowe, 1990). Drivers of personal automobiles are prohibited 
from crossing cell boundaries within the city core, though bicyclists, pedestrians, emergency 
and public transit vehicles may do so. In Goteborg, the first generation of cells reduced traffic 
flows across the borders by 45 per cent between 1970 and 1982, while significantly reducing 
casualties (OECD, 1988). 


The use of traffic cells must be combined with other measures to promote alternative 
transportation modes. Without these, one might expect travel distances (and hence energy use 
and emissions) to increase.’ Similarly, if not carefully integrated with other measures, there 
may be adverse effects on trade. 


Parking restrictions 


Restricting the availability of parking in selected locations may also be an effective means of 
reducing the demand for transportation, or precipitating a shift to a more energy efficient 
mode. For example, Geneva prohibits car parking at workplaces in the central city, and Paris 
is removing more than 100 000 street parking places in central Paris to make space for public 
transport and pedestrians (Lowe, 1990). Copenhagen has reduced traffic in its central core by 
prohibiting on-street parking, however specific measures of the extent of this reduction are 
not readily available.” 


Provided there are alternatives available to taking automobiles to the destinations, parking 
restrictions can reduce traffic in some specific locations, and they need not have an adverse 
impact on commerce. However, they are only applicable where there is a strong drawing 
destination, probably only in urban areas with well developed transit systems. 


* In Goteberg, car drivers going in and around the cells had their travel distances increased by 7 per cent, 
though this seems to have been cancelled out by shorter trip times (OECD, 1988). 


* Although not strictly a restriction on parking, by charging federal employees in the National Capital 


Commission market rates for pricing, the federal government brought about a 23 per cent reduction in employees 
driving to work (City of Vancouver, 1990). 
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High occupancy vehicle lanes 


High Occupancy Vehicle Lanes (HOVS) have been found to be useful tools in reducing 
congestion and energy consumption in major urban centres worldwide. 


Locations where successful implementation has occurred in North America include: 
¢ Los Angeles 

¢ Houston 

e San Francisco 

e Minneapolis 


These jurisdictions have generally been very successful in increasing ride-sharing, optimizing 
use of highway facilities and generating public support. The two areas of greatest potential 
for HOV lane application in Ontario are Provincial freeway networks in the Ottawa-Carleton 
Region and the GTA, as they represent areas with high volume congested urban corridors. A 
major factor affecting HOV concepts in the urban area is the combined effect of changing 
land use patterns, city core suburb relations, employment distribution and competition with 
transit initiatives. 


With suburban employment increasing, the suburb-to-suburb work trip has brought congestion 
to the suburbs as well as demands that are not related to the CBD-oriented trip. HOV’s 
provide a possible solution to the movement of persons in specific corridors that serve both 
the suburban and CBD oriented trips provided they are planned and operated in conjunction 
with other strategies that increase load factors, e.g. park and ride, park and pool, ride- 
matching employer incentives, van pools, etc. 


Effectiveness 


A measure of how effective an HOV lane is public perception. Public acceptance depends on 
it being perceived as an effective use of a highway corridor. If too few vehicles use the 
facility, demands for conversion to mixed flow use and high violation rates will result. A 
throughput minimum of 600 to 900 v.p.h. in the peak hour is considered acceptable in most 
cities on an HOV lane. 


Prior to implementing an HOV system, an HOV-suitable corridor must be congested for a 
significant period on a recurring daily basis, since the incentive to switch to HOV is apparent 
only in comparison to a slower mixed-flow trip. Based on experience HOV’s are beneficial 
only when there is at least a 6-10 minute travel time saving. The type of facility chosen must 
also be corridor-specific as a generic type plan would most likely result as ineffective or may 
experience worse congestion. 
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Typically, most home to work trips use more than one corridor, therefore, the incentive to use 
an HOV lane may be significantly reduced if benefits to the user only occur on one leg of the 
trip. It becomes important then to recognize the possible need for HOV’s and their facilities 
on a network-wide basis as well as complemented with other measures, such as: 

¢ preferential treatment at metered ramps; and 

e easy access to park and ride facilities 

Energy savings potential 

The most dramatic effects of energy saving with respect to HOV’s will be experienced in a 
specific corridor. Studies have shown that site-specific fuel consumption could be as high as 
5%. However, reports from several individual projects across the U.S. found a reduction in 
fuel consumption of approximately 3%. It should be recognized that the benefits resulting 
from HOV implementation mostly come from the areas of travel time saving and increased 
person throughput with less vehicles. Additional benefits would include lower vehicle 
operating costs and a potential lowering of energy consumption. An example of potential 
energy savings with the implementation of HOV lanes for two (2) specific corridors are 
shown on Table C-35. : 

Marketing of HOVs 

The key to ensure public and political acceptance is through aggressive marketing and’ 
education with commitment to success. Experience has shown that an HOV lane will fail if 
there is not a sustained broad-based commitment from the agencies involved, such as: 

¢ Provincial highway authority 

¢ local municipalities 

¢ enforcement agencies 

* transit authorities 

* taxi companies 


¢ major employers 


¢ developers 
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Table C-35 
Example of potential energy savings from HOVs within two specific corridors. 


Total Length of HOV 15 km Zl kim 
Lane 


Affected Length 16% of Total | 100% of Total 
Fuel consumption within 1 417 000 000 L 183 000 000 L 
corridor in 2006 

Fuel consumption within 226 720 000 L 183 000 000 L 
affected length 


Possible fuel reduction 5% 5% 
with HOV 
11 336 000 L 9 150 000 L 


implementation 
This is important as a significant portion of benefits to another user related not only to the 
HOV lane itself but from the convenience of a park and ride facility, a van pool organized by 
an employer, reliable transit back-up, etc. In the short term, however, there must be a 
significant marketing and public information effort to identify these benefits and outline 
incentives to the potential HOV user. 


Fuel consumption 
reduction potential within 
corridor in 2006 


Unlike a mixed flow freeway lane, the ability of an HOV lane to achieve its goal depends on 
behaviourial and attitudinal changes in commuters, thus maximizing the chances of the 
program’s success. 
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C.8.2 Restricting when one can travel 


There are several reasons why restrictions might be placed on when one can travel by a 
particular transport mode or on a particular route, including to reduce peak congestion. To 
alleviate air pollution and traffic congestion, Athens introduced an emergency traffic 
management scheme in 1981 which limits automobiles in the central core during business 
hours on weekdays according to licence plate numbers, alternating between even and odd. 
Traffic within the affected area is estimated to be reduced by 20 per cent, based on limited 
monitoring (OECD, 1988). | 


C.8.3 Restrictions on how much one can travel 


More correctly, this category of restrictions is on how much fuel one can use, or on what 
quantity of emissions can be released, i.e. rationing. Some analysts have argued that setting 
up a micro-market for allocating petroleum supplies (or alternatively carbon emissions) has a 
number of benefits over adjusting demand through price mechanisms (Carter, 1978). Among 
these benefits are: 


¢ whereas gasoline demand is relatively price inelastic, and market responses can only be 
estimated, the effects on energy use and emissions of a well-designed rationing program 
can be precisely specified and targets can be met with confidence. 


* — rationing would be an effective educational tool about the seriousness of the global 
warming problem. 


¢ rationing can be more equitable than carbon taxes, if equity is carefully considered in the 
design of the program—price increase (e.g. carbon taxes) favour the affluent at the 
expense of the poor. 


However, rationing is widely thought of as a measure of last resort, suitable for use only in 
the most severe of emergencies. 
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Appendix D_ Detailed table of 
economic measures for | 
the reduction of energy 
use and emissions in 
Ontario’s transportation 
sector 


Table D.1 Economic measures for the reduction of energy use and emissions in 
Ontario’s transportation sector 
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Appendix E.1 Scenario 1: Actions 


economically attractive to 
society in their own right 


by 2005 


E.1.1 Strategy 1: Economic instruments 


Measures applied: 


° Subsidies/incentives for public transit - low 


6 Incentives for communications use 


— increase transit mode split to 13 per 
cent 

— reduce urban passenger vehicle travel 
5 per cent 


— reduce passenger vehicle travel 5 per 
cent 


RD OT a Ra a a a eS oA Ne OE Se a et Ne OE SP on EE 


| | | 
| | | W1OL 
| 00"! 00"! 00't 00"! 00°F | 00°} 00°! 00°! 00'b 00"b | eujOseEH = @pPIYoA ONs}o7 BAL 20 E&Y 
| 004 008 00"b 00+ 008 | 00% 00°t 00'b 00 00 | ouljpsed 8nq jos 240 20 2 
| 00°F 00°! 00'b 00'b i | 3 | Ww 
| 7 F | | or 
| j | | 6 
| } I | 8 
| ; | | “ 
| i | | Ey 
| } | F | se 
| ; y | ; | ve 
| ; ; | Y | ee 
| } ‘ | | we 
| } i | f | te 
| F P | i | oe 
| i : | X | 62 
| F F | ; | 8 
| ; ; | ji | az 
I i ; I i | 4 
| Y 00'4 | s60 96°0 960 004 00't | fes019 URJ1-O5 anand ueqin Sz 
| 00°F 008 00} 00'b 00°} | oot 005 00'b 004 00'h | Apupeg Aemang¢renj004s nang ueqin 92 
| 004 00°4 008 00} 00"! | oo8 00°! 00'h 00's 00'b | feop oupey wey oypeds = Ap-s0yuy€Z 
| 00°4 00"b 00°h 00°} 00"! | 008 00°! 00'b 00'b 00h | euesosey eure wBey oypeds = Ap-sequy 2 
| 004 00'r 00'4 00°F 00'b | oo8 00+ 00't 00'h | 03 146n 1wBjey oypeds 
| ; | yl | 
| | | 
| | | 
| | | 
| | | 
| | | 
| | | 
| | | 
| | | 
| | | 
| | | 
| | | 
| | | 
| | | 
| | | 
| | | 
| | | 
| | | 
| | | 
| | | 
| | | 

| 


SJUSLUTU]SU] DRUOUCOS :}, ABayejs 


Kapos 0} eapesyy Ajpeowouco3 suoipy :|, oueusos 
S.LN3ID1309 AONSIOIS-8 NI SONVHO S1NB0t4-500 GNVINSG NOLLV.LHOdSNVELL NI SONWHO bbs eel 


wh ec a ee a a aa a ara OR NE ROT Be 


| W401 

00+300"t 00+300"5 00+300'! 00+300°4 00+300'4 upyssed/rw | ose 60+36S'6 60+361'8 60+300°2 60+3ZS'9 wuppssed = eujOseD = @PILOA O11] RAL 2uO EY 
00+300"! 00+300"F 00+300'1 00+300'1 00+300'5 unyssedpw | 60+3EE! 60+396"1 60ta6e'h eotacy't 60taEV't wunyssed  eujoseD 8nq jooLpS 240 20 2 

00+300"1 unssedrpw | 60+360') eotaie’é g0ta96'2 90+308'9 80+39¢°9 wuyssed  euljosep ep Aas OW QA »uO IY 
00+300'! 00+300"5 00+300°1 00+300'1 00+300°1 unypssed/ry, wuoyssed sv6 uogepy euerday yweuWencd LOHR OP 
00+300°} 00+300°b 00+300°5 00+300"4 00+300'1 unssedpw | 60tareL 60+3zs'9 60+390'9 60+392°S 6OtSEr'S wunssed oqun ouesday WUOWWeACD ==—«-« NORE GE 
00+300°} 00+300°4 00+300's 00+300°} 00+300'} uyssedrw | 60taZoe 60t3ELS 60tarSe 60+307% 60+3S1% wunyssed sef uojeny ouerday fexeusy =: UO BE 
00+300'} 00+300'1 00+300'5 00+300'5 00+300'1 unpssedirwy | 60+3E9"L 60tarr't 60t3rE'b 60+391'h 60+ar hb wun ssed oun eueday fexmeued = ogy Ze 
00+306°8 oo+aee's 00tase'6 bO+31L0'4 40+3€0'1 uyssedr~y | 60tazet 60talee 6otacee 60+z6r7 6otasez Byun ssed (sei pL wBress ueqin 9¢ 
ootsez€ ootzeee ootazee ootazh'y 00+361'P unpssedry | 60tasSe 60tac6e 6013916 60+391'E 60+380'E wunyssed  — euJOSeD pL w6jer4 ueqin Se 
OOtal6'y OOraLt'S ootser's o0+azs’S 00+399'S unyssedrw | g0tarye sorarhL BOtaZe’S goracee B0tar9S wunssed jeseig pn 48}e4-U0N ueqin ve 
ootasr’s 00+a19°9 00+382'9 ootaeh'Z ootare'L uppssedpw | 60+370'S 60+392°S 60+361'S 60+300°S 60+308'°7 Bunpesed = @UI|OSED pr 146}oy-U0N ueqin ef 
00tszl'y ootale’'y 00+3r9'y ooraee'y 00+310'S wuyssedrw | gsotz9ze g0t3aso~e sotare't 80+399'1 80+306"1 Byunyssed jes019 yong 46 = seBuessed eye alld ueqin 2 
00+308'9 00+360'S OOtS1¥'S ootarl's oot3E8'S wy'ssed/ry 60+300'S 60+368'7 60t36E'7 60t3r6E 60tBLLE Buy ssed  —euI]OseD yong wb seBuessed eqeAlld ueqin Ie 
00+300'7 oot391'y ootaer'y 00+30S'y ootaes'y uyssedpw | Ob+327S o1+301'S oarey Osler oltase'y gunssed — eUjOseD any s6uessed eyeAlld ueqin Oc 
oot3e2'e 00+36Z'°E 0o+3ers ootarZ'€ 00+396'E uyssedrw | 60taz9e 60+316'1 60+3L05 8013677 80+300°E wun ssed jese1q any se6uessed eyeAug ueqin 62 
oora loz 00+ar6"b 00+39S"5 00+392°6 0-326'S unpssedpw | LO+asez LO+3Seb 90+396E SO+36zE 90taZy'b gunyssed = ApuPpey any Jebuessed eyealig ueqin 9@ 
ootseze ootzeze ooraeze ootaee@ ootaeze wyssedrwy | 90t3Sz'7 90tarl'y 9otaee'e 90taes 9otaee'e wunpesed == eujOseD sng Wand ueqin 12 
OOtSL Le OOtatLe OOt3L LS ootat tz OOtaL be uyssedrw | 60tsz6se 60+36S'E 6ota6ce 60+360°E 60t3l6% Byunyssed 1eseig sng Nand ueqin 92 
bo+3se's sora9r's $0+389°S boraie’s 40+300°9 unpssedpwy | 2O+301~ Lotave't 20+3€8") Lo+aZ9"h Lortab eyunyssed 1es019 URIL-OD Nand ueqin sz 


o-39¢' Oar y oasyy 0-369 8 ae unyssed/ry 60tzeL€ 6Ortalye 60+3She 60+3187 60+30L7S wunssed = Apyperg Aemqnggsejeens onan, ueqin 92 


20-3008 40-300'8 40-3009 40-3008 40-3008 unyssed/ry wunssed feoD eure wBjoy oypeds = Ap-s0yu], EZ 
40-3008 40-3008 40-3008 40-3008 20-300'8 unyssed/ry wun'ssed  eUuesoley euven wey oypedg §=— Ap-sequy. zz 


oitaeet olare't olsez OtaSte olaez]e wunssed ©, Arvo} ourey wBeoy oypeds = Ap-2equy 02 


10-3602 lo-3rbe 3207S o3er'e b0-36S% unyssed/rw Ob+3t9'7 O362°7 O13E0'7 Osee€ 01+3067% Bun ssed jeseig oulEyN w6ey oypeds = Ape, 64 
b0-370'% to-ar he] wasce w-3Le% loser? unyssed/rw 06+30S° Ob+301€ OL+a99% Ob+30r~e ona? Byun ssed ese eu wey oypeds «= Ap-sew Bt 
0-300 F 10-30€'9 10-3067 to-30t F 10-30€'¥ un ssed/ry Bun ssed feop euueyy W6jey BseuED Ap-seuy Lb 


wunsssd  euesoJe) euueny wBhjey pseuem = Aide], Ob 


0-30¢'? 10-3067 lo-30e'? 0-30€°7 10-30€'9 unyssed/ryy guyssed §=§=03346n ouvey wBbjey psxeued = Ajp-sequy Sb 
Lo-30€'? 10-3089 lo-30¢' 10-3067 10-3067 unssedrwy | 01+308"b olt+ses'h Ob+382"5 olraze’s O-arr'S wunssed O43 Arvo} eupey w6jey rue = Ape] pb 
bo-asz'b 0-308} to-ase'} 10-3702 0-382 wyssedrwy | ortsely oOnase 013867 01+390% olave't wupyssed ese19 ouuen whey proved = Ap-s0) Cb 
10-3707 to-arhe lo-asze to-aLe% lo-3ev'% uyssedry | 01+3086 oars 8 onsze's 01+361'9 01+380'9 eyunssed feseig eu whey psoeuey = Ap-sewy Zh 

oltare’y oMtseZe otaeee Oltasez 01+302% eyunssed seid pnd wey osreuey = AY-26)U)_— 4b 


ootaes'y ootaso'y OOrall y 00+390'S ooraZt's uyssedrwy | O1t+ases 01+360"t 60taezT6 = - 6OT6L 60+396'2 Buy ssed  eujoseD pn wEpy pieven = A-s89]_ OL 
oorazh'y oorae'y 00+3r9'r 0o+ae6'y 00+380'S wyssedrwy | gotsers e0taelz 80+3r6't g0tseL'b g0+3z9b Bunssed jeseig yong yb aed Apel 6 
00+308'7 00+360'S ooraiy’s ootaPZ'S ootase’s uppssedin | 60+ales 60+361'S 60talo'y 60+301'P 60tae86'E Bunssed  euljosep png Y6N aed Ap-reul g 
00+3Z0"h 00+360"5 ootzeht 00+3zc"h 00+30€'} unyssedrw | 60t3e6'7 60taive 60+388"} 80+308'2 gorare’s puny ssed je30i9 any @enig = =Ap-ueuy L 
00+399% OO+aLLe ootar6z oota1o'e 00+360°E uyssed/rnw | Ol+36l'y oLtaes'e Orsi O1+30re Oltsere wuyssed  —euljoseD any aed  Ap-sewl 9 


| 
| 
| 
I 
| 
| 
] 
| 
| 
| 
| 
! 
| 
| 
| 
| 
1 
| 
| 
| 
20-300'8 10-3008 10-3008 20-300'8 20-300'8 unssed/rw | wuyssed = = 03345n euuey wBbpeyoypeds = Ap-sequy 12 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
] 
| 
| 
| 
| 
| 
| 
| 
! 


eoraee'9 eotaee'9 eotaee'9 e0taee'9 eotaee’s unyssed/ry | 90+362'9 90+320'9 90+3PL'S 90+310'S 90136’? wun'ssed oquint ap-P4X3 oyang = Ap-ew ¢ 
oo+a6s'y 00+36S'y oo+a6s'y 00+36S'y 00+36S'y uyssedinw | 60+3S/'S 60+392°S 60tase'y 60t36r'» 60taze'y wun ssed oqin. ae-B Ul ouang = Apuewi 
O-ALI'6 O-aLI6 WALt6 O-3L1'6 10-3216 unpssedrw | g0taort 90+382'! 80+302"b 80+360'b 90+360's wuyssed  — @UIJOSED sng onang = Ap-sewy 
10-369'8 10-369°8 10-3698 10-3698 10-369'8 unyssednw | 60+3Z6't 60+a18't 60+30L't 60+3rs'} 60t3rS"b wun'ssed je301g sng oyand = Aip-sew, Z 
oot3el't Oot3eZ't OO+3EL | OotaeZ't oorael't uyssedrw | 60+396'h 60+308"t 60+369"b 60+3eS"t 60taLy'S Byun ssed 1eseig Wed onang «= Ap-sewy 5 
soz o00z S86) 0661 8061 | sooz o00z $661 0661 9061 BdALTaN4 300n YHOLD3S “TWilvWdS HaGWNN 
Aouepa eprea pespou | PUBLUOG ERIUDA poser 
sjuewirujsuj oMUoUceS :} ABeyensS 
(aa) a 6.) &) 


Nepog 0} enlpedny Ajpeoouceg suolpy :}, OUeUaIS 
AONBIOLLE NI SONVHO GNVWISC NOLLV.LHOdSNVHLL NI SONVHO bs Sel 


6ZEv90TS SOVEPS6Y GELZLHLy GOLECOKy sel iseer bi+R9S°Z bb+302'Z +1+306°9 bitty’ bi+3S1'9 WLO0L 
| bh8 292 649 1S9 6129S 165 SLP 65S Shp s@UU0} | oaenh 60+36S'°6 60+361'8 60+300°2 60taZS'9 BIN = @UIJOSED = @PIYOA Ons 197] MEAL eNO EF 
| $89 06 609 26 08S ¥6 265 96 80P 16 seuUdy | 6ot3ee'h 60+39¢"1 60+36E"} 60tser'h 60taer't BIN = eujOSeD 8nq jooLpS 20 20 2 
| 904 v2 B0E £9 £80 ¥S Z0z oF 18e EF seuUd by 60+360'L g0t31e'6 80+396'L 80+308'9 g0taee'9 BTN — euljoseD ep ADIONOYY BAL 2uO IY 
| S@UUd} | BIW seb uoReAY ouesday WEWWEACD = UORBMAY OP 
| pLEozs 991 Zor 966 82 £95 2L€ 199 £96 SeuUd} | 60tarE'Z 60t3zs'9 60+390'9 60+392'S 60t3E I'S Bn oqun ouejday yueuWeAcCy =: UREA 6 
| sce cez bse Loz 69 261 ert 291 ZOL EE s@UUD} | 60raz0'e 60+3eL2e 60tarS 2 60+30¢7 60+3S be BW seb uoReAy ousiday fesxoued =: URE 8 
| ezeste BEE 201 000 $6 Bey 28 62S 08 SeUUD} | 60+Ze9"b 60t3rr'h 60tave'h 60+391'1 60tar hh BIN oqun, eunjdany fexeuey = uogewy LE 
| ospsere — aSv HEeS 218 996 t vee SLL b OLO LIZ b S@UUD} 9€ Oltacr'e O1t+391'e ol+a8zz o1taise osere Brn jes0iq pond qw6jes4 uegin 96 
| yee 99 068 094 Lizere 999 88 Sr 829 S@UU0} | 6otais6 Olazit Oltsreb O1+30€"5 01+362"1 BIN = eujOSeD yor wbje14 uegin Se 
| erg z6z 70 192 20 902 058 061 vILSOL seuUd) | 60tari'y 6013696 60taz6z 60+3S8'4 60+30S"} BIW jose pny 146}04j-U0ON ueqin ve 
| ze p0zz Ser 196 2 SOE HOES O18 ver 2 986 9€ 2 S@UUD} | ontase'e OLaLr'e olt+aes'€ OMBZSE Ol+38P' BIW = euljOseD pn, wBey-U0N ueqin 
| 96299 ple £9 vs 09 789 JS S0z 9 S@UUD} | sotaie6 s0tale8 g0tas'8 80+391'8 B0tarS'9 BIW 1eseig yong yb) seb uessed eyeaug ueqn 2 
| soos BPS 069 | veLziot SOL 9S | eb er b S@UUD} 16 O1+36SZ oltaerz o1tazee o1taszz o1ta0ze BIN eujOseD yong yb seb uessed eyaug ueqin ie 
| Obveley SE2leryL LearoeyL  LZEeILyL Sr ieceL seuUdy | betaine bitaene bi+3642 bitz80% bi+3S6"h BTN = euljosem any sebuessed eyeAuig ueqin 0 
| ersois 28S Svv vor eSz Lie ebb 6z8 £8 seuUdy | 6otaro'e 60+30€'9 60+399°E 60+389"1 60+361't Te) jeseig any seBuessed eyenug uBQin 6% 
| S@UUD} | Lotaezy Loraev~% 90+361'9 90+380'L $0+302°8 BN = Apes any sebuessed eyeaug uegin 9 
| ve 929 Les aes bis seuUdy 1 90+38¥'6 90+312'6 90+3¢9'8 90+388°L 90t3eS'L BIN = eujOSeD sng nang uegin 12 
| 6208s 206 SES 084 0S £rz OOF 950 ery SeUUD} 92 60taize 60+38S°L 60tSr bh L 60+31S'9 603/29 Br teseig sng ongnd ueqin 92 
| 696 LZ £56 pL Shr EL 099 69 Set 89 SseuUdy | 60+30Lb 60+390'1 60+370't 80+398'6 80+379'6 BIW feseig upe41-O9 onand ueqin Sz 
| : seuudy | 6o+3e9' 60+ BOSS 60+309'b 60+392'1 60+3ze'k BIW = Apupeia Aemanggreqjeens wang uegin 2 
| seuuny | ern feo euey wBIey oypeds = Ap-1ju__€Z 
| seu} | BIN eueso20y4 eusey w6rey oypeds = Ap-seyuy Zz 
| seuUd} 12 BrA o41u6n euLeWN wbreyoypeds = Ap-seuy 1z 
lo ° ° ‘ ‘ SOUUD} | e0+396's e0+3es'¢ €0ta61'S €0+399'9 e0tase’9 BIN Od Aree eure, wBjey oypeds =» Ayp-sequy 0 
| ere veg 901 1S9 66¥ 979 968 ¥SS 888 61S S@UUQ} | 60t3z89°6 60+3126 60t+398'8 60tSre'L 60+398°L BIW es01iQ eure wey oypeds = Ap-sequy 6h 
| esos 080 699 2SL ter 190 2v 0z8 968 S@UUD} | 60taeZ 60+399'9 60+300'9 60+369°S 60ta19'S BIN esi ied wBeyoypedg = Ap-s0yuj, Bb 
| SouUDy | Brw [sop euueyy wByey preuep = Ayp-sequy Zh 
| SeuUd} ELS BIN — eueso.0y ouuen wey pieuep = Ayp-seju), 9h 
| seuudy | ern = 0g 48N euey wBbjey preuey = Ap-sejuy Sb 
| Sv Eezo 260 Les Sly ery £09 OL Wwe 10S seuUdy | 6otbezZ 60+36S'9 60+30S'S 60+316'S 60+327'9 BIW Od Arve} eueN wBjey preueg = Ayp-sequ) oh 
| 006 61S veh PSP 978 Bee val L6z 184 922 seuud} | 6ot3ge'Z 60tazr'9 60+309°S 60+302'y 60tS16€ BIN jeseig ouueN wBjey preuey = Ap- seu EL 
| oso0lrt 08} 262 4 SELSOLE SBP 9E0 | 6LL 8E0 b seUudY | o4+366"! o1aee't Olt+aso"b OMS OALYS Bn 6) Weed w6jey seuep = Ap-sejuy Zh 
| leL6iry 122 050 ¥ 196 956 6 $82 S26 Zz b0Z Sze 2 SEU} bk O4+3S2°9 OM3EL'S O1t+3sZ'¥ OMarhy 01+300'9 yaa) jeseig pr w6jey BreueD == Ap-seju bh 
| eso sree SiBerre 996 400 € 998 078 Z eer £61 2 seuud] | o4t399's 01+320'S O-aer'y OMashy OMSL? BIN = eujOsSeD pny wBbey preven = Ap-seyu] OF 
| $e0 22 90€ 29 8r9 £9 2£0 09 £96 ZS S@UUD} | 60+3z0'b g0tazs'6 80+300'6 g0ta6r's 80+302°8 PrN feseig yong yy6Q e@enug Ap-2.6u) 6 
| ozeezet 6S S6L 4 89S S69 b 8b 66S | 281 yes } S@UUD} | oaree olaree Olt+s6r~ o1tasee oaeee BTN = euljOseD png bn @eaug =Ap-1euy 8 
| sez ple £80 292 19S 6r} Ber Z9 06z 8 seuUd) | 60t30e's 60t31Z'E 60+3az12 80+ars'6 eotsee'9 Btw jeseig any mead = =Ap-.uy 2 
| isZvgz SISIEL 926 O2Y Z 009 096 9 £76 £899 Seu} 9 betaine b1+380'4 bb+360'h bit3z0b o1tae8'6 BIN — eUOseD any a@eaug  Ap-s6ul 9 
| e9bzoe az I2Lz ezgees2 = wl L97Z 82 zezz SeUUdy | obare'y olare'e 01+399'¢ 01+30z'¢ Oashe BTN on Jp-B9X3 orang = Ap-sequy ¢ 
| ove e984 GESSILE dys og t 415 8S¥ 4 088 £0P | SOQUUD | oMtarae OMaere oOnalze 01+390% o1t+3e6'b Brn oqunt afe-B.QUI onand «= poe 
| ooze 986 2 Lev 0629 289 SeUUD} | gotaezs BOTSLI'L B0tS0O1b 20+366'6 20+386'6 BIW = euOseD sng orang «= Aip-seyuy € 
| eez ize £82 bbb eZ OL Z19 ¥6 2s ¥6 S@UUd} | 6otaez’h 60tazS'b 6otaer'h 60tare'h 60tare'h BIN jeseig sng orang = Ap-sequy Zz 
| £60 ope LLE 022 968 902 SLE 181 eve 081 S@UUD} | 60tBoPr'e 60t3chE 60tat6e 60+as97% 60tassz Brn 1e3019 Ts] orang «= Ap-2eyuy 5 
| soo -  000z S664 0661 986i | so0z oo0z se6t 0661 9961 SdAL TNs 3200/1 HO1D3S ‘WWiLWdS H38NNN 
| 200 0 seuuo, (semorebeyy) esp ASsouz ABoyeag 
Abayens s]uaWM}suU| 9WWOUCNS : |, ABayeN}S 
(a.0) 3 


Ajapos 0} earpeny Ayequuouco3 suolpy :} oueueos 
SNOISSWE ORIVNSOS 3SN ASYSNS GSSIA3YN LL eae 


c-A 


le Se, Bee Se ee ee a a a a ae eae ET BY ST aE RE Cae 


ZrO 002 Sot 68h 98S Ze VOL tre 26S 908 €0r SY 265 by zie 6 688 EC ove 2 W10L 
Le gisz oer z 22 OoLe seuUd £02 eb orb 9zh 6h SeUUDy eUPseD = @PIYSA euNsje7 BAL 240 ey 
1sv So ees 409 999 SeUUgy oc te te ze ze SOULOY eupsep 8NQ COLDS 240 2uO 2 
es 02S OLL seUUd) es ov 6c ee 16 S@UUD} eupseD @ADIDIOW BAU 20 IP 
seuugy seuuy = se uonewy ousidaay yeWWeAcd  UOReAY OP 
ere oz v0z BLL et SeUUd Sz €z lz cs cr S@UUD) oquny, ounday WOUWeACH = LOB 6 
vob co) #8 vl £2 ‘s@UUD) tb 6 6 8 Z seuugy, se uogeAy ouejdany fexoued uonBAy BE 
ss ey ov 6 8 seuUg 9 s Ss v ’ S@UUdY oqin, ounjdary jeousy =: uoneyAy E 


202 eve 692 eee bee seuud} euppseD pul qwbier4 ueqif) SE 


6SZ 969 Svs 6L£ be seuudy 419 oss vey 9lz ee seuudy reser pnd ¥46je4j-U0N ueqin ve 
S09 Z owe Bre 6 £00 OF S90 vb seUUg 902 Sse 99L SLL 9SL S@UUC} eujjpsep pul 146j04j-UON ueqin ee 

£02 eel 28h 681 eoh se@UUd) 6et vel 82h zh 46 seuUd} jese1d yong yb, seBuessed eye Aid ueqin ze 

967 Y 992 tees €S2 8 SOUL} £95 1S 91S ter Ly seuUdy euljoseD yong yb «= seB essed eye Aud ueqin le 

zi9 Le ETE 119 9 vib eS €0L £8 seuudy 6lsP voy wSLY SiSy ve2y seuUd} euyjoseD any sebuessed eyeaud ueqin 06 

yore £02 § +80 | zs 18 SeuUd} 1821 6c68 Svs osz v7AY BOULUD} jese1g any sebuessed eye Ald ueqin 6% 

Soucy SQULIY Apipe any sobuessed ayer ueqin 92 

92 xz zZ 7 f--4 seuUdy Y Y y € £ seUUy eujoseD ong onand ven 1zZ 

8r0S 6r6 7 Lek 6106 68P Ob seuUd} SLE ere 1928 8162 1982 seuUc) 1es0ig sng onand ueqin 9% 

98S | vest vert Lint See | ‘s@uUd} 92h tab 6bb eb Ou seuudy teseig Ur11-09 owand ueqin Se 

seuudy S@ULOY Apypeg Aemgng9se300nS onan ueQin 9 

Co] seuUdy peop euvey wey oypeds = Ap-sequy EZ 

Gara SeUUQ eueso10y eure wey oypeds = Ap-seyuy 2 

OULD} SOUUDy o3146n euuey wBeyoypeds = Aip-s0qu, 1% 


S202 yeaa vse t Ovo b ees} BeUUdY feseig ourew w6eyoypeds § = Ap-sequy 64 

Ove OF 6eS 6 e198 eere 008 seuUdy vie BSL seo oso 29 seuUdy 12301 ed wBpyoypeds  Ap-seyuj gb 
‘eherns seUUdy fe0D ouey wbjey preuey = Ap-sequ, Zh 

Canta) SUD} @ues0s0y| eure wBjey pseueD = A281), 


seuucy os bn euyey yw6jey pscued = Ajp-seyu SI 
SLLE 4s0¥ ee» SeULDY Od Ansoy, ouyey ywBey seven = AD-sequ 


8 
nN 
nS 
8 
nS 
3 
nt 
8 
N 
© 
2 
wo 
8 
5 


\zsy 
sees 6rls 60r ¥ OLee zere SeUUdy ees} wre | shh 648 aS:) SOUUD jes0ig eure wBey prcuep = Aip-sequ, Eb 
929 8 812 % ¥69 £2 820 IZ Sth iz seuudy 08z2 6802 vest 9194 6294 SOUL} jese1g Wey wBjey seve =» Aip-sequ Zh 
LOE BE 62v SE S6S EF 069 9¥ ose 2S SOUUD} vle6 965 8 SLOL 9919 ss6S S@UUR jesoig yon yw6jey scueg = Ap-seyul_ th 
1szb B01} £0 | 920 660 | seuud} sez b Obs 296 206 £68 seuudy eujjseD yon, qw6jey Psoeueg «= Ap-seqw OF 
Prod v6 L64 61 802 SeUUD} est rad vel lz zt S@UUCY jeseig yong wW6N gerd Ap-eul 6 
€80¢ SLLY gess 6909 2128 S@UUD} 119 pls ars bis Los SOUUD} eujosep yong w6N aed Ap-ieiu 8 
Orr y SEO ¥06 + 698 929° seuudy 684 ess sie rad) rea SeUUd} 1es0ig any q@ernig = Ap-seuy Z 
bbb Se vis ve $90 SE bye Zp 929 29 s@UUd} akg 6Et z ez 922 2 Lez SEULUC euljoseD any aerig  Ap-168u) 9 
vor b 162 4 92} $80 4 90 + s@uUdy OS} eeh aa bbb 601 S@UUC} oqun. sp-BQxX3 ouangd = Ap-sequy S 
168 818 BOL seo 699 s@UuUdy 6 ve 6L iva 69 SOUR oqun. 4fe-BQU| ofang «= Ape y 
1s £62 168 oe 916 S@UUD} 9S zs ov Ww w seuUdy eupseD sng onqng «= Ap-sequy € 
osz serz is9€ zs gers seuudy Sel oz 919 z19 219 seUUR je3019 sng orang «= Ap-seiuy Z 
ese y were 902 ¥ Lee B99 SeUUDY See ose vee £0€ 262 SOUCY 163010 Wed orang «= Aip-sequy 5 

soz oo0g S661 0661 8861 aun so0z oooz S661 066+ 996! apn = AAL TNS 300N YO1DSS ‘TvLLVdS Hae8NNN 

(5) sus} XON (9) sues zos 
ye Seuu0) Jo SeuU0 | SJUSWN]SU| OAUOUCOS «| A6eyens 


Kepos 0} BAIPBY Aypeawoucc3, suoIpy : | OUBUBOS 
SNOISSIAG ORWNZ0S SNOISSING ORIVNIOS bbs een 


| 929 ses isy 168 Le SseUUDy | vezz 2902 Sves 9L9€ £2bS Soucy euPseD = @PIYA ONS /6] @eAd 20 EY 
| 2 v6 96 96 66 seuudy | eez be 609 isy 26L S@UUD) eujosep 8g jOOLDS 400 »N0 ey 
| Le v6l 991 av eel S@UUD} | 499 88S 206 Oz 668 SOUUD} eujpsep @johosnjony MBA 2uO LP 
| sou | ouun) 806 uonepy oueday quewwercD —_UOReAY OF 
iets 8b a st vb seuUdy | vez zse vez £02 86h SeUUcy oquing eujday yweuUercd = UORRMWY 6E 
16 8 Z 9 9 SeuUg | 6b Sob 86 se €8 seuuo, = seh uogejy ousjday fexoued =: UAB SE 
ls v v e £ SeUUdy | ¢9 9S 2s sy vy seuUdy oquny euriday fesoue) = uoRBWAY /E 
| 66y vey 99 oze poe SUD} | 16s Ses Sor EL zo S@UUD} jese1g pnd wrens ueqin 9 
| zz 09 99 ) €9 se@uUdy | 994 86h Lsz 40 S0s SeuUd} eujpsed nL qwbjels ueqin Se 
| ose tee ove ost 6bb seuUg | zz viz 2Lb ebb 06 SeuUd} josei OU, 146j04j-U0ON ueqin ve 
iva ieLh 99L1 002 t 29 b seuUdy | spz9 see 9 the bb 700 91 208 2 seuUd} eujpsed pn 1Bjey-UON ueqin € 
| zon ro} 68 SL 6 S@UUQ) | oz z 6S 9S ve S@UUD} leseig yong 469 «= seBuessed eyeAud ueqin 2 
| yeas 199 b zr t 6et | ez Se@uUd | ozv9 £S49 ter Z OLY 8 720 S@UUdy eujpseD yong 46 —_ seBuessed eyBALid ueqin te 
| ©16 2b eee Lb VEL 91 189 Sb ovr vb souUdy | 6Stes 80S 2S v9 89 b6L BL Sez 46 seuUd} eujpsed any 2Buessed ayer ueqin 0 
| zzt 198 6Ly z0z seh seuUdy | ez vl Wwe est zob S@UUCY jeseig any  se6uessed ayer ueqin 6% 
| sou | s0uu0) Apupeg any sBuossedeyeaug —«-ueqI) Bz 
ls s s v y seuUugy 1 ab ab 61 4 ve seUuUdY eupsed sng ound ueqin 22 
| zee +89 ve) ves £9S S@UUDY i) ez _SsB 1s8 cel t S@UUD} jeseiq sng ONAN ueqin 92 
| 98 [a] 18 92 SL SeUUd} la vl el ) iz) SeUUdy e309 UPd1-OD onan, ueqin Sz 
| souUud) | S@UUD} Apuperg Aemqngeseqeens anand ueqin 2% 
| souum | souucy yeop euuey ywBjey oypeds = Ap-26e1u) €z 
y seuuy | seuug eues0.0y ouvey wBjey oypeds = Ayp-seyu, ZZ 
| SeuUCy | S@UUCY o3146n euey wBjey oypeds — Ayp-se9u] IZ 
lo 0 0 0 0 seuUuny lo 0 0 0 0 SeUuUd} Os AnvoH} euuey w6pey oypeds = Ap-sequy 0Z 
| osy 6ey ZW soe ove seuUgy | 6924 989 | ozo 4 verb Pret seuUd} 10301 ouneyy wBjey oypedg = Ap-seyu} 6h 
| ess sis Sor oy sey seuUd} | Ler cov oly Lec zee soUUd} jese1g a] w6py oypeds = Ap-seiuy gt 
| SOUL | s@uUdy pod eupen wByey Breve «= Ayp-seyuy Zh 
| S@UU} | @uU0} @ues010>4 euuey w6jey Bseuey = Ayp-sequ) 9h 
I SeuUcy | seuUd) os346n eure w6jey seve = Ayp-sequy Sh 
| ze 68h 9st OLb 6Lb SeUUR} | oz 09 0s vs as seuUd} Os AavoH ouuey wBjey Bieuey «= Ap-seyu ph 
| eve 662 ose 961 ze seuudy | ver vLbb $00 | 69L vil S@ULD} jese1g ue wBjoy seus = Ap-sequy Eb 
| 2st sinh Year “ait Orit seuudy | eect 224 ish 920 6 920 4 seuUdy 19361 ied wbjey seued = Ap-sequy Z, 
| tess 218 9 ove Sz0e see 2 seuUcy | 9299 sees ozs 807 F $02 S@UUD} jeseig pn w6jey Bseuep = Ap-2e1uj 
| 9s2 vee 061 891 £91 SOUL | vie lel OSL 18 £0€ | S@UUCY eupseD wr w6joy Bieuem = Ap-sequy OF 
| ob 86 72) 82 &Z seuUn) lu i) 2 6s ss seuUd} jeseig png yb] a@eaug = Ap-su 6 
| oz SOL t 89S | v6E |b ese b S@UU} | veoz 6€S 9 $98 Z 9188 869 Zt S@UUO} eulpsed yong 148 @eaug Ap-10y g 
| ozez 9eS | ve Se 92 SOUUQ | ees4 v0} 009 4 BLb seuUdy 163019 any aerg Apr. ZL 
| orc Ofz Et 919 2b 095 1h 608 Ob 0UU} | ver iy 620 OF 902 1S 228 8S Lubez S@UUD} eujpsed any a@eaig  Ap-su 9 
| zz 80h €0b 06 68 seuUudy lo 0 0 ti) 0 SUL} oqiny aye-8.QX3 ongng = Ayp-sequy, 
| v2 89 9 es 9S seuuy | 6104 See IL) S6L SoZ SeUUd} oquin. ape-8.gU] onangd = Ap-eul y 
i 743 09h ost 9eb 9eb seuugy | ¥ss Les L465 zo 980 4 seuUd} eupseD sng onang = Ap-sewy 
| vle ere zee 262 zee SeUUCy | ev Siv ocr Sev 29S seuUd) jeseig sng onang «= Aip-seuy, Z 
| esz ave lz 902 861 S@UUQ | Lez BIZ v0z set cya seuUd} seg Id orang = Ap-seiuy 5 
| sooz oo0z S661 0661 9961 oun | sooz oooz 5861 0661 9961 =n 3dAL Tans 300” YO1LO3S ‘TWilvdS Y3aINNN 
| (©) suojsspwg eyerogmed | (©) susps1uy SD0A 
yO 8@UUO | yo souuo | s]ueWM]SU| OLUOUCOZ :}, ABeyeNS 


Kapos 0} eapeiny Aypequiouco3 suolpy :} oueUeOg 
SNOISSING ORVNIOS SNOISSIAG ORVNIOS bb eel 


qxerecsscecaneseses ceudevecsesscesses® CSSSSCCESSSUTGSTS <=NIGGENSEEDEESDOED SEUTESEITSSIESHNESD GISeSESS=TETCSiECES <ESSS==SSSSSSSES =uLe=SEEEETyerSESTScnEES sieuETETTeTerssesa=esmases Senneesoereneens cveuseeesenns 


676 800 | 464 S26 Sv 16LL Ory ve | 262 S68 | AWwLOL 


| $96 02 192 8b zs9 02 ves Iz 192 62 seuud} eupsED — @p/YSA e1nS}07] @PAUd 20 ey 
| wee Slv2 BEL zs0S S268 seuUdy eujoseD 8nq jooLps »uIO »2uO 2 
| S66 OLE ¥ Liev e1zs ors £ seUuUdy oujpseD ep Aoi0)0/N @eaud »uO IP 
| seuug, = se6 uoRBAY euerdany yuewuenoy =: UOREWAW OF 
| 262 vOL eso 89S vss se@uUd} ogni oueiday yeUIWeACd = UORBWAY 6E 
| ee sez tr gez ez seuug) se uoReAY eunjday femus = LNB BE 
| sat 9st Sv 92h ezb SeuUcy oqun. ounrdany fexeusy uopeny JE 
| sere 612 ver 2 viez 8rS 2 ‘S@UUCY tes0ig nL wBye15 ueuin 9¢ 
| sszh vst e1sz v2es 069 soUUd} eujoseg pr w6jer4 ueqin Se 
| 9 62S viv 992 viz seUUdY jeseig pry w6yey-UON usqin 9 
| zrecs zs9 29 bLZ 6L S20 76 Zee OC se@UUd} oujpseD yn 146 }04-UON ueqin ee 
| 2b 2st raat zet 904 S@UUC seid yen y6q «= seBuessed een ueqin 2 
| 418.95 868 €S Oct 29 OL¥ 89 ZE9 96 seUUdy eulpseD yong yb —_seBuessed eyeAlid uegin If 
| 260 v6E S67 06E v8t B67 Ly LLS 960 028 seUUd) eupseD any sebuessed eyrlg ueqin 0c 
| ocoz oh ozs 6se eve ‘seUUd} feseig any  Buessed eyed ueqin 6z 
| SeUURy Apupey any seBuessed ayeAuid ueqin 8 
| 92 och yy oz 6le SQUUCY oujpsep sng nang ueun 22 


| veo 609 265 995 vss seuugy jeseig UPIL-OD onan, usqin SZ 


| S@UUy Apupeg Aemangzseqeens Nand uegin 92 
| souudy jeog ousey wBey oypeds —Ap-seyu €z 
| seuU0 eusso10y euyey wBjey oypedg = Aip-seyuy 2 
| SOULS o336n ouuey wBrey oypeds — Ap-seyuy_1Z 
| SOUL} O34 AavoH, ouueN wB6ey oypeds = Ayp-sequy 02 
| wee whe €Z0€ S192 90S 2 ‘seUuUa} eseig eusey wBjey oypeds 4  Ap-r.w 6h 
| v60¥ vise ore 2ze ize seuUdy jese1g ey wBjeyoypeds == Ap-sequy Bb 
| SeuUcy peog eusey ywbjey pscuen = Aip-20yu), Zh 
| SUL} eueso0y ouyey wBiey pieuep = Ayp-sequy 9} 
| : S@UUO} o3win eupey wbiey prcuep = Ayp-seju), SL 
| S@UUD} Os AavoH euey wbjey roueh = Aip-s6u), wh 
| sos2 lerz 928} vert zee b SOUUCY jeseig ouyey wBjey pueuem = Aip-sequ, eb 
| Sow tb 205 04 elv6 sere ore SUD} jes0ig ied wbjey Breuep «= Ayp-sequy Zh 
| eg se 6Ee LE 612 92 1S8 12 $9 &% S@UUY jes010 NUL wBjey preuep = Ap-sequy Ih 
| 6519 98S “se2 1698 929 vb SeUUdY eujppsed pny w6jey proeuep = Ap-sequy OO} 
| ee 194 6yh get teh SUL) jeseig ypng 146 @eraug Apu 6 
| ee eve LS oes $9 Soe 1L 0S6 66 S@UUD} @UOseD yong Yh) aeaug Ap-sewy g 
| osze 9252 Sry h v29 vey SOUCY jeseig any aenug = Ap-w.wy Z 
| ssoete £90 862 166 PLE £69 Szy Lvs 619 SOUL} @UuIjOsED any q@eraud Ap-s0u 9 
| 0899 Syby Is6€ ese lore SOUL oqun, 3-8QXQ) orang = Ap-seyuy S 
| Lez e192 4 wee 6elz SOULOR oqiny Jp8-B.QU} onang = Ap-seuy 
| Zby e61y was $869 ez 2b seUuUd} eujpseD eng onang = pseu & 
| geez L0zz 6642 Lorz vere SOUL jeseig sng orang = Aip-sequy Z 
| 264 zeLt 739 | vest 937 | SoUUDR 18010 td onand «= Ap-sewy 5 
| sooz ooo S661 0661 9061 sun SdAL THINS 300N HO1D3S ‘TWilvdS YaGWNN 
| (>) sucyss;w3 OD 
pceuoy SIUEWNU}su] 9WOUCDS : | ABeyENS 


Kaos 0) exlpespy Alpeowioucc3 suo}py | OVeUeOS 


E.1.2 Strategy 2: Regulatory instruments 


Measures applied: 


New CAFE standards — low 


Urban traffic management — low 


Inspection and maintenance programs 


— reduce passenger vehicle fuel 
consumption 20 per cent 

— reduce truck fuel consumption 10 per 
cent 


— reduce urban fuel consumption 5 per 
cent 


— reduce passenger vehicle fuel 
consumption 5 per cent 
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E.1.3 Strategy 3: Combined instruments 


Measures applied: 


Subsidies/incentives for public transit — lo 


Incentives for communications use 


New CAFE standards — low 


Urban traffic management — low 


Inspection and maintenance programs 


Ww 

— increase transit mode split to 13 per 
cent 

— reduce urban travel demand 5 per cent 


— reduce passenger vehicle travel demand 
5 per cent 


— reduce passenger vehicle fuel 
consumption 20 per cent 

— reduce truck fuel consumption 10 per 
cent 


— reduce urban fuel consumption 5 per 
cent 


— reduce passenger vehicle fuel 
consumption 5 per cent 
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Appendix E.2 Scenario 2: Zero per cent 
increase in CO, emissions 
relative to 1988 by 2000 


E.2.1 Strategy 1: Economic instruments 
Measures applied: 
° Carbon tax for stable emissions by 2000 —-— reduce fuel consumption 18 per cent 


° Carbon tax — low — reduce passenger vehicle travel 3 per 
cent 
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E.2.2 Strategy 2: Regulatory instruments 


Measures applied: 


New CAFE standards — medium 


Urban traffic management — low 


Inspection and maintenance programs 


Passenger vehicle travel restrictions 


— reduce passenger vehicle fuel 
consumption 26 per cent 

— reduce truck fuel consumption 13 per 
cent 


— reduce urban travel demand 10 per cent 


— reduce passenger vehicle fuel 
consumption 5 per cent 


— reduce urban travel demand 10 per cent 
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Measures applied: 


~E.2.3 Strategy 3: Combined instruments 


Subsidies/incentives for public transit — medium 


New CAFE standards — medium 


Urban traffic management — low 


Passenger vehicle travel restrictions 


—» increase transit mode split to 16 per 
cent 

—» reduce urban passenger vehicle travel 
8 per cent 


—> reduce passenger vehicle fuel 
consumption 26 per cent 

— reduce truck fuel consumption 13 per 
cent 


_— reduce urban fuel consumption 5 per 


cent 


~~» reduce urban passenger vehicle travel 


10 per cent 
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Appendix E.3 Scenario 3: Twenty per 
cent reduction in CO, 
emissions relative to 1988 
by 2005 at least cost 


E.3.1 Scenario 1: Economic instruments 
Measures applied: 
° Carbon tax for 20% reduction — reduce fuel consumption 38 per cent 


° Carbon tax — medium — reduce passenger vehicle travel 5 per 
cent 
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_E.3.2 Scenario 2: Regulatory instruments 


Measures applied: 


° New CAFE standards — high 


° Urban land use management — low 
° Urban traffic management — low 

° Inspection and maintenance programs 
° Passenger vehicle travel restrictions 


— reduce passenger vehicle fuel 
consumption 32 per cent 

— reduce truck fuel consumption 14 per 
cent 

— reduce passenger vehicle travel by 10 
per cent 


— reduce urban fuel consumption 5 per 
cent 


— reduce passenger vehicle fuel 
consumption 5 per cent 


— reduce passenger vehicle travel 30 per 
cent 
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E.3.3 Scenario 3: Combined instruments 


Measures applied: 


Subsidies/incentives for public transit — high 


Incentives for communications use 
New CAFE standards — high 

Urban traffic management — low 
Inspection and maintenance programs 


Passenger vehicle travel restrictions 
(20% reduction) 


— change transit modal share, 
reduce passenger vehicle travel 


— reduce passenger vehicle travel 
— more efficient vehicles 
— more efficient vehicles 
— more efficient vehicles 


— reduce passenger vehicle travel 
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Appendix E.4 Scenario 4: Twenty per 
cent reduction in CO, 
emissions relative to 1988 
by 2005 with best position 
for future reductions 


E.4.1 Scenario 1: Economic instruments 


Measures applied: 


° Carbon tax for 20% reduction — reduce fuel consumption 38 per cent 

° Subsidies/incentives for public transit — high 

° — increase transit mode split to 22 per 
cent 


— reduce urban travel demand 14 per cent 


° Carbon tax — high — reduce passenger vehicle travel 5 per 
cent 
° Incentives for communications use — reduce passenger vehicle travel 5 per 


cent 


69-1 


| | 
| | W101 
| 290 4L0 06'0 00'h 00's | 00'b 00'8 00"4 00'b 00's | eupsep = ePJYaA O18 /0] MPA weuo e&Y 
| z0 iL0 060 00% 00'4 | 00% 00'b 00} 00+ 008 1 eupsep 8g jooLlpS 2410 20 2 
| 290 220 060 00'b 00't | 00% 00°t 00'4 00"b 004 | eupseD ephosoW @eAL 20 IP 
I 20 4L0 060 00°} 00°b | 00% 004 00'b 00°F 00'4 | 986 uogeny eusydary WOUWLEACH = =§- UORBAW OF 
| 290 zo 060 00'b 00°! | 008 00°F 00'b 00'b 00°h | oqin oueydary WOWWAACH LONEWY 6 
| 290 220 06'0 00+ 00'F | 00% 00 00's 00'b 00+ | 6 uopepy ounjdaty feseueh = Uo BE 
| z9°0 2L£0 06'0 00's 00'4 | 00% 00'4 00's 00'b 00'4 | oqiny ounsdany fesousp = LRP ZE 
| 290 4Z0 060 00'b 00'b | 008 00'h 00"4 00't 00'h | jose pn yw6je14 ueqin 9¢ 
| z0 420 06'0 00'4 00'b | 008 00'b 00"! 00" 00'b | eupsed pra ayy ueqin SE 
| z9°0 2L£0 06'0 00'4 00's | 008 00'4 004 008 00's | jesei UL 148 }04j-U0N ueuN ve 
| z0 440 060 008 00'4 | 00% 00'4 004 00'b 008 | eupssD yond 148)0y-U0N ueqin € 
| 20 20 06'0 00'b 00°} | 920 98°0 £60 00" 00'4 | e861 yong wb = seb usssed eyeAtid ueqin 2 
| z9'0 2L0 06'0 00'h 00"t | Zo 98'0 £60 00'4 00"4 | euppseD yeng 46] ——-seBuessed eyALiG ueqin te 
| z9'0 £0 060 00'h 00'h 7x) 980 £60 004 00'b | eujppseD any soGuessed eyeAuig uegin 0c 
| 290 440 060 005 00'h | vZ0 980 £60 00'b 00'h | jes01g any  sBuessed eyeAud ueqin 62 
| 008 00'h 006 00'4 008 | 00% 008 00 00'b 00'4 | Ape any  se6uessed ewaud ueqin 9 
! 00'b 00% 00'k 00'4 008 | 060 960 860 00'4 00°b | eupsep eng onang ueun 
! 00'4 00'4 00'4 00'4 00°s | seo 960 960 00's 00°F | jes019 sng onan, ueqin 92 
| 00'4 00'b 00's 00't 00't | seo 960 860 00'4 00'F | (es0ig UB11-0D onand ueqin Se 
| 00 00'h 00'b 00F 00°F | 00% 00'h 00 00'b 00'h | Ape semqnggienecans onan, ueUiN 92 
| z9°0 420 060 00} 00+ | 008 00} 008 004 00's | [oD eure wBjey oypeds = Aip-seyyy, €Z 
| z0 420 060 00's 00'4 | 00% 00'4 00's 00"} 004 | @ues010>4 oupeny wey oypeds §=— Ap-sew Zz 
| z9'0 LL0 06'0 00'h 00"! | 008 00'h 00"4 00'4 00°4 | o3346n ouLey wey oypeds — Ap-seyuj 12 
| z0 420 060 00"b 004 | 00% 00'b 00'b 00'h 005 | od AnveH eure wBpyoypeds = Aip-sequ 02 
| z0 220 060 00"! 008 | oo 00} 00's 00'b 00's I jese1g ouuey wbpyoypeds Aip-s0qu 6h 
| 00"b 00's 00's 00"b 004 | 008 00'+ 00h 00"4 00'4 | jeseig Pd wey oypeds = Ayp-sew gh 
| 290 2L0 06'0 00'b 00'h | 00% 00'4 00's 00'h 00'b | jeoD oupeyy wBjoy preuem = Aip-sequy Zh 
| z9°0 (7x) 060 00'h 004 | 008 004 00"! 00°} 00't | __ euescxey ouey w6joy pseueD = Ap-sequ 9b 
| 20 420 060 00'b 00°} | 00% 00h 004 00"b 00'b | o316n owen w6joy pseuem = Ap-sequ Gt. 
| 290 420 06'0 00"! 00'b | 008 00°! 004 006 00'b | o4 Anvoy oueyy wBbjey pseuem = Ap-sequ, wb 
| 20 40 060 00'4 00'h | 00% 00°F 00'b 00°! 00'b | jes019 a] wjey pieue = Ap-seqw Eh 
| 00'F 008 00°4 00"! 00°4 | 00% 006 00'b 00'b 008 | e8010 ied wey Bieuem = Aip-sew} 2, 
| z9'0 2£0 06'0 00"} 00°} | 00% 00't 00'4 00"! 00'4 | [e301 NUL w6jey prevem = Ap-sequy bh 
| 290 440 060 00'b 00°} | 00% 00'b 00°} 00°! 00'h | eulpsep yon wey pseuem = Ap-sequy Ob 
| z90 420 06'0 00'b 00'h | 980 160 960 004 00'4 ! jese1g »png WybN eed  Ap-s.wl 6 
I zo 420 060 00'4 008 | 980 160 960 00+ 008 | eoupse ypng 8H @eaug = Ap-u g 
! 290 1L0 06'0 00'b 00'b | 980 160 960 00's 00'4 | jeseig any erg Ap-sewy Z 
| z9'0 2L0 060 004 00°b | 980 160 960 00't 00't | oupsed any @eaug  Ap-s0 9 
| z90 440 060 00'h 00'b | s60 960 960 00h 00'h ! oqin 4p8-B.9xX3 onang = Ap-s0wy ¢ 
| 290 2L£0 060 00's 00'4 | seo 960 860 00's 00'4 ! oqing, Jp-8HUI onangd «= Ap-ew ¢ 
| 00'4 00's 00% 00's 00°! | seo 960 860 00°} 00'} | eupsep sng onang «= Ayp-sewy € 
| 00's 00'h 00'4 00°F 00'h | s60 960 960 00's 00's | 193019 sng orang «= Ap-sewy 2 
I 00°} 00's 00"8 00'b 00'4 | seo 960 860 00's 00'4 | jose id onang «= Ap-seyy 5 
| so0z ooog 9861 066} 9961 | soz ooog $861 0661 996) | SdAL Tans 300” HOLO3S IVLLVdS H38WNN 
A2uepEa OPREA | pusung enReA 
s]UeWNJ}SU] 9LUOUCDS : | ABeyeNS 
4 1 Suogonpes @smyny 20) UoRJeod 38eq LAM S00Z Aq 8861 OF 


@ARBIO) SUCIS9/We ZOD Ul UORONPE. jUES Jed AueM| :y OLeUEOS 


S.LNBIOL00 ONVING NOLLV.LHOdSNVULL NI BONWHO bya OL 


99° 


\ WAOL 
10-391'9 1O-B0L'L 10-200'6 00+300't 00+300'h wy eeud/ryy | ouseth 60+369'6 60+361'8 60+300'L 60+aLS'9 wunpesed = @UOSUDH = @PLYON 01S }0) PAL 20 ey 
to-aS1'9 10-B0L'L 10-300°6 00+300't 00+300't unyeoudrw | 60+3eC'! 60+396't 60+36E't 6otaer'h 60t+aen'} wunseed = @uyjOBH 8nq joo_ps 20 »uO 2 
unpesedrw | 60+360't potate’s 90t396'L 90+308'9 gotaee'9 wunssed == eujosUH @pADI00/— BA eno iP 
to-a9g1'9 LO-BOL'L 10-200'6 00*300'4 00+300't uy eendrw | 00+300'0 00+300'0 00+300'0 00+300°0 00+300'0 wunesed sei uopeypy eunjday WUOWILEADH uopeyy OF 
to-aG'9 WO-B0L'L 10-300'6 00+300't 00+300't uy soudrn | 6otare's 60+329'9 60+390'9 60+392'S 60+3E1'S wunyseued ont ouvjdry WOWUIEACH = LONBIAW. GE 
\o-ast'9 o-B0LL 10-200'6 00+300'1 00+300't wy'seedrw | 60+aZo'e 60t3ELZ 60+arsz 60+30z 2 6OtAGhZ wunesed se6 uofepy ounrday Jes0U9 uopepy 98E 
lo-asl'9 \O-BOL'L 10-300'6 00+300't 00+300'4 un sevd/ry | 60+ae9"! 6otarr't 60tare'h 60t391'b 6otayt'h wun esed oqun. ounjdty jexevep = oRwAW LE 
wy seud/rw 60tale'e 60tazez 60ta6rz 60+396 % wun seed 109010 yon ywybjou4 uegin _9€ 
00+ 62S 00+ aS6% ootaes'6 00+3e1'r 00ta61'? uyesedrw | 60tass% 60t3z6Z 60+391'E 60+391'E 60+380'E wunesed = @uJOSU yen se 
00'3z0'E 00+ 3066 00+ a90'v 00+3/9'9 00+399'S un eond/pw 0rary'B BOtar IL eotae’s gorazeé g0+3ar97% wuppesed jos01g yon, 146}0.4-UON ueqin ve 
OOtaLOR 00+360'S 003019 oorae iL OOtare'L un esvdirw | 60+3~0'S 60+392'S 60+361'S 60+300'S 60+308'Y wun seed = eujoSND yon, 148}04-U0ON ueqin ee 
ootaesz oot alee 0o+ae1'y ootace'y 00+3 10'S unyeaedrw | s0tare't gotaze'l gOtaZ'h g0t399't g0+30€'b wun seed 199019) yong 1y6] «eB uossed eywAtid ueqin Ze 
60+300'F 60tar6'e 60taLLE wunssed = — eujjOSYH yong 1y6 ~—-seBuessed eyelid ueqin te 
00130" % ee tay 00+300'S 00+308'» ootaes'¥ unpssud/rw | O1+362'r O1+3S9'r OMarlY OMaie'y oMtasey wunseed =» @UI|OSEH any se6ueesed ayer ueqin 0 
00+366't ootarsz 002606 00+ ar. € 00+396'6 uyesudrw | 6otaere 6otarl t 60+3Z0't g0ta6r'y 90+300°E wunyesed tee any s6uessed ewrtid ueqin 6z 
OOratos == OO VG" 00+395't 003926 10-326'S uy esudrw | Lotasez LO+asz'h 90+396'E 90+36z°E sotay't yunesed = Apq0e1g any sBuessed eyeAtid ueQin 8 
oot aezz oot zeze 00+ ae 7 oot aezz 00 azz un eoed/w 90tasz'y 9otarh'y 90+3e8' 90+3zs'e 90t398'E wuyssed = @LYJOBNH sng onan, ueqin 12 
60+36e°E 60+360°E 60+316% wun seed 1es010 eng onaNd uegin 9% 
borase’s toraor's torae9'S borale's 40+300'9 unssudir~y | LO+a0LZ Lo+ave'b Lo+3ee't LO+aL9"t Lotaie'b wun seed teseig ups 1-09 onand ueqin Sz 
to-200' loser to-asy’y 10-36r'? to-aisy unpesedirw | 60tae.s 6otaiv'e 60t ashe 6otaisz 60+30L% gupssed = Ape Awmqnggseqje0nS onand ueqin vz 
LO-3z6'¥ 10-391'9 10-207 L 40-3008 40-300'8 unpesedjrw | 00+300'°0 00+300'0 00+300°0 00+300'0 00+300°0 wun seed feoD Oupeyy wbey oypeds = Ap-syuy £Z 
10-326'¥ 10-391'9 10-07 L 40-300'8 10-300'8 unyesudry | 00+300'0 00+300°0 00+300'0 00+300°0 00+300'0 wunesed — eue800 Ouse wBpyoypeds = Ap-seuy 2 
10-3009 00+300°0 : ‘ 00+300'0 00+300'0 gun ssed = 03146n euLEyy wBjoy oypeds = Ap-seiuy_1Z 


| 
| 
| 
\ 
| 
| 
| 
\ 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
10-367 t 10-359" 10-396" to-3er'% 10-3692 unsoudrw | oltseo'y  Olta6z'y = OWEO'W = «OWAZZE Ot 306 wun seed 19010 Ouse wyBey oypeds = Ape 6b 
| 
\ 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
! 
| 
| 
| 
| 
| 
| 
| 


40-390 Lo-aiez LO-20LE 40-300'8 10-300'E uy ssodrw | O1taee't O-are't O-3eLb OMaSEe Oaezz wunpesed = 04 AnveH OuLey y6joy oypeds = Ap-sequy 02 
10-30% to-ar bz lo-aszz o-aez lo-aer'z unpssedrw | Ob+309'E Oso 013997 O1taorz onsaeez wun seed joerg eu w6pyoypeds == Ap-u) Bb 
o-as9'% to-ale’s lo-aze'6 to-20C'y 10-306" uy seed | 00+300'°0 00+300'0 00+300'0 00+300'0 00+300°0 wyunyesed a) oureN wBjey BxeveH = pseu} 1 
00+300'0 00+300'0 00+300°0 wun ssed — @ues00 OULRYY wBjey psevep = Ap-seju)_ 9h 
to-399°% lo-ales to-al9'¢ 10-30€'¥ lo-20e'y unyssedrw | 00+300'°0 00+300'0 00+300°0 00+300'0 00+300'0 wunssed = 3146) eure whey Br0UED = Ajp-seju Sb 
to-as9% to-ale's 10-396 10-308'P 10-3069 unssvd/ry | O++309"h oitses't o1taez't oraze’t otarr'h wunssed =O Arvo} OULD, w6jey BeveH = APs, 
10-380'5 10-366'b 10-399'4 to-ar0% 10-361'2 un soud/ow O361'P olase o1a96% o1as0% olare't wun ssed jose eupeyy wBjey BreUED = Ap-y8}uy EL 
to-3r0% to-arhz to-asez 10-36% lo-sev'2 unssedrw | 01+308'6 otars'8 onsee's 013619 01+380'9 wun seed jeeeig eu wBjeoy preven = Aip-28u}, 21 
O1+3eL'S Otaeez OMsascez 01t+30z% wun ssed jese10 pnd, w6ey prevEeD = Ap-UT Ih 
OOt3OLT ootaes'e 003627 00+390'S OOtAL I'S un seedy | Obtase’h 01+360'h 60+382'6 6013618 60+396'L wunessd = @UI|OSBD pn ywBjoy reVED = AiP-204U} OF 
oot aes z oor ae ootael'y ootaee'y 00+390'S wyssedrw | gotaeez g0t3L07 80+306"t gotae.'h gotaze'h wyunypesed jes0ig yena 46, eerid Ap 6 
00+396% 00+3az6 oorae'y 00+ arZ'S oorase’s wyssedw | 60taze's 603867 6otacs ¥ 60+301'9 60+386 wunssed = @UJOSEH ypng 46 eed = Ap-eu} 8 
+0-309'9 10-396'8 00+310'4 00+3z2'4 00+30¢"t unpssed/nw 6otarr'y 60+3Pz6 60399" 90+308'L gotar2’s wun ssed eoerg any qed = =Ap-ewy LZ 
uyssodrw | Oral e OM30LE OMar9E O+30P'S Oaere wunssed = @UIJOSBD any aeaug — Ap-6 9 
cotaes s 801326 ¥ e0tas/'S e0taee's e0taee's unssedrw | 90+362'9 90+3z0'9 90tarl'S 90t3 10'S sotare'y wunpssed oqun Ps] oyang = Ap-ew 
ootazez ootars ootash'y 00+36S' 00+36S'? unyssed/pw | 60+SS/'S 60+392'°S 60taS6'y 60+36r'7 60taze'y wun ssed on. 2p-B.Uj onand «= Ape» 
1-316 \O-BL1'6 tO-aL6 1O-3L'6 1O-ALE'6 unpssedjrpw | gotaor's 90+38z"b 80+30Z't 90+360'4 90+360'h wunssed = eSB eng orang = Ape & 
10-369'9 10-369'9 10-3699 10-369'8 10-3699 unpsevd/ry | 60+SL6'h 60ta1e"b 60+302'h 60t3rs't 6039S" b Byun seed jese1g sng orang «= Ape 2 
OO+a6L't oe va ootael'h oo+aeZ'h 00+382'h unpssed/pw | 60+396'b 60+308"1 60+369'4 60+3¢s'} 60taly'b wun ssed jeoeig a) orang = Ape} 
g00e 0008 $861 0661 9061 so0z oo0z $861 0665 906) SdAL and 300n HOLO3S ‘TWiLWdS HSenNN 
Aovepa OPREA Peseoy PUBUIEG OPFYDA PESMOL{ 


s]uaWnysu| SRUOUCDS :} ABSyENS 
(an) a (04) Fa) suononped esryny 205 UoR}sod 399q LAMM SO0Z Aq 8861 
@Agujo! SUOTeS}WE ZOD UI LORONPS! UES sed AUeM 7 ONBUEOS 


AONSIOHS NI FONVHO GNVWGO NOLLV.LHOGSNVEL NI JONVHOD bys Se 


io 


wel cue “96S SNOISSING 9061 O1 SALLVTSY BECL Ove %8'66 35N AOUAN 886! Ol SALLWTSY 

Siytes0e Sseezizle ozowperzy eBLEtOry sl Leccy bitarr'y bitaies bitarh's titative bitash'9 0 
621 GOP C62 0S 270 10S 16S S/v 6SS SYP ‘Soucy | 60+306'9 60+38e°2 60rale'L 60+300°2 60+3als'9 orn eupseD 
122 SS 60E WL i se 26S 96 Bor 46 SouUy | gotz0ze 60+3S0'4 60+aSse'b 60tacr't 6orzer'h arn eupseD 
bee ev SeuUcy i georadi 2 BOTa9b'L 80+300'9 80t38¢'9 aN eulpss 

° ° ° ° ° SeuUcy | 00+300°0 00+300°0 00+300°0 00+300°0 00+300'0 

OL8 6LE 898 SSE 960 986 tos 2l€ 299 €9€ sou | 6otzes'y 60+320'S 60+asy'S 60+392S 60+3E1'S Bmw oqint 
eis eri 099 651 eel Bvt 294 ZoL cob seuUy | 60+368"L 60+3012 60t38ce 60+3027 60tast~e Brw se6 uopepy 
bee OL bos 82 00s SB 86r cB 62S 08 SeuUy | 60+300°4 6o+abbb 6oraie'b 60t39bb 6oravh'b BIW oquny 
seuUny 9€ ovaise O3er? Bin teseig 
Ovy L6E 6€8 SBS 966 LS 999 988 Svv 828 SouUy | 6otase’s 60+329°8 Osebb O1+30e1 O136e'b orn eupseD 
SL6 6L1 296 002 trv sot 058 OE} vi2 Sob SeUURy | 6otasse 6otare~e 60+3297% 6orase'b 60+30S'5 om esd 
60E BSE | tre sigh S26 She Ole rere 986 C9 2 Seuuy | 04+3002 O1+389% OMaLbe oalse OMaere BIN eupseH 
896 Ze 997 WP slices 299 1S $02 OP SeUURy | gotaeo'y 80+367°9 a e0+3918 80+3rs'9 BIN seg 
19h 98h te} C67 b SeuUcy te 0 fl 01+3507% obrasz~ 01+3027% BrmM eulpseD 


ASS SLC | NOON 


WioL 
@piyeA ems }e7] @eALd 20 oF 
8Nq pops 240 240 2 
ephooW" @eAld 2uO 


ounsday woUUeACh =: UO BAW GE 
eusrday jesus = «UAB BE 
eueday fesoued uopepy Ze 


pul 46 )04y-U0N ueqin ve 
ypuL 146}04-U0N uegin 
yong wb, teBuessed eye Alig uegn zz 


C) 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| StryZtd  s9Lecsob veesveci J2eebbvl wy b¥cel souUudy | b4+3907) bit+zer'h b1+368"b bi+380% bi+3S6" 
| wesc 909 ZIE oge Ezz Lig ebt 629 €8 SOUUDy | eotaee'y 6otaer'y 60+391'6 60+389'1 60t365'b Brn ese any  s6uessed eri ueqgin 6% 
lo t) ° ° ° ‘SeUUDR | Lotaezy Lo+azve 90+361'°9 90+380'b $o+3028 em Apnea any  s6uessed eyeauid ueqin 9 
| wwe 929 19s aes bis seuUDy | 9otzer'6 90+31Z'6 90+369'8 90tzee'L 90tazs'Z BIN «= euSED sng Ey | uegn 
| 062 90S SOUUD) 92 60+38S'L 6otavh'Z ; arm" yes01g sng o9QNd ueqin sz 
| 696 42 £98 ¥L Svr cL 099 69 Szt 89 seuUDy | 6otB01b 60+390'1 60+370'b 8013996 i 
lo t) 0 0 0 SUUdy | 60+3BE9"5 60+30S"5 60+309'5 60+392't 60+aee'h won Ape Aemansqreneoas onand ueun 9 
lo ° 0 0 0 SOUUR | 00+300'0 00+300°0 00+300°0 00+300°0 00+300°0 rn peop oupeyy wBeyoypeds §=— Aip-ewy £2 
1 o C) 0 ° 0 ‘SeUUR | 00+300'0 00+300'0 00+300°0 00+300'0 00+300°0 ern — euescu8y) eupeyy wbpy oypeds == Ap-sewj 2 
| o ° 0 SeUUdy rd i 00+300'0 00+300°0 erm o436n euseN wey oypeds — Ap-s0u_1Z 
lo 0 ° ‘ ‘ BeUUy | sotas9€ €0t392y eora9'v rae a) eo+ase'9 Brn eupeny 
| 608 ocr ISB LOS 6y8 £95 96€ ¥SS 988 61S seuuny | eotase's 60+360°L 60+396'L 60tare'L 60t39E°L am jeserg ouLeyy wBey oypeds «= Ap-2eyu} 6b 
| siseos 090 697 ister 90 PY ozs 96¢ ‘S@UUD} | eotaene 60t3a¥9'9 60+300'9 60+369'S 60+3 19'S orn jes010 eu w6ey oyppeds «= Ap-sew) Bh 
lo t) t) ° 0 souUDy | 00+300°0 00+300°0 00+300'0 00+300°0 «=: 00+ 3000 or peoD ouney w6jey preven §=—- Apso Lb 
| seuUdy ob i 00+300'0 00+300'0 00+300'0 BIW —eueso19 Ouse wbjey preven =—Aip-s0wj_ 9h 
lo 0 0 0 0 ‘SOUUDY | 00+300°0 00+300'0 00+300'°0 00+300°0 00+300°0 am OuLeNN wbjey BreueH = Apu), Sb 
| vevese S¥6 807 061 66 £09 Ly bE 10S sed} | 60t3SZ'y 60+320°S 60tas6'y 60+3 16'S 60+3ee'9 ern Od AawoH oupey wbjey Rseuep «= Ape 9} 
| gezere S19 6rE Sv6 GE val Lez tet 922 ‘eouUay | 60taes'y 60tase'y 60tase'y 6013027 6Or3IGE arn 193019 euseyy w6jey Bseueh = Aip-seu Cb 
| oceootrs 081 Z6z 5 SbEGOEE Sov 960 | 6LL BEO $ ‘SOUUDy | o1+366"b Ob+3e8'b O1+3S9"5 oaze's oM+azy's om je2010 To] wbey peuep = Ap-ey} 24 
| serene sz9erie  sozi2oe souUdy th i oaiey OMaey ovavly 01+300'7 Tha) jes0id pn w6jey seuep = Ap-21u_ bh 
| usose2 ied 1992 OLb L022 99€ 028 2 eer C612 SOUUDy | ontsaere 0143066 OM+a868 OM+3Sh'9 OMSL? Brn = eupseD pn wbjey pseuep = Ap-s0yu} OF 
| 668 6 Sez 6Y 18195 2£0 09 £96 4S BOULUD | gotav9's g0+326'9 B0tav6'L e0+z6r8 90+302°8 awn es010 yong wn qeng = Ape 6 
| 292901 QZE SIE b bey SEP b ee 66S | zat ves | SOUL en) = o1+ae6'b 01+30z2 oases oacee Brn = @uIpSeD yong 1489 eng =p 8 
| 294 L0z $69 164 906 IS sty 19 062 SY ‘S@UUDS | eorae6z 60t3ILZS 60taZe'} g0+ars'6 e0t3ze8'9 Tha] 123010 any eend = Apu 2 
| 960 ISES oz Svs 9 seuuDy 9 orale o1taze'2 01+369°6 b4+3z0"b o1+3e8'6 BIW. eupSeD any eeaid  Ap-.u 9 
| ose eset ¥9E S60 Z sozreez = who. azz 192 2eze SQUUD} | obtazez 013962 Ol+30€€ 0b+30z°6 OMSSFE Bmw oquin. Jp-8XQ orang = ips) S 
| gee ert s $96 OZE | Zev Gry | us esvt 088 CO” b seuudy | ontaeo"s 01+398"b O1+350% 01+390% o1taee'b om ogni, Jp-8QU) orang «= Ape 
| ooze 906 2 ievd 0629 219 ‘S0UUD} | gotaezh Borah B0+301'4 20+3666 Lo+3e6'6 Brn «= @UISED eng onang «= Ape 
| sez iz eez bbb &Z¥ POL Z19 96 ZLS ¥6 SeuUd} | eotaezs 60taZs"b 60+aer'h 6otare't 6otare'h am peed sng orang = Apu 2 
| 960 0n2 Le Ove 968 902 SLE Zab Ze 08} ‘peuUDy | 60+Z0rE 60tazhe 60+3e67 60t3S9% 6otasse om 1es019 ed opang «= Ape t 
| so0z oooz 661 0661 996! | soz 00g S668 0661 9061 BdAL ANS 300K HO1O3S ‘TWiivds HagNNN 
| 200 seu, (eomoretoyy) con ABsouz Aboyeas 
grt s]uawnu|su RUOUCOS : | ABeye.1S 
(a.9) 3 suogonpe: eunqry 40) UoRjsod y96q LMM SOOT Aq BBE OF 
@ngyje! su0Tss}Uue ZOD Uy UORONPE: Jue Jed AUeM| <7 OEUGCS 
SNOISSIN ORIVNIOS 3SN AOYINS G3SiASY bya eel 


89-4 


O ete 292644 0€8 LIZ 90L ave 265 908 0 © 0600 Z0z 68 616 6 688 €S zve Ze ° WLoL 
| vas 66} REZ 1622 oobe S@UUCR | set ech eet 92h 6b OULD CUSED — @P/YOA ouns}97 BAL 20 eV 
| 2 096 oer 409 899 SOUUCR | eo ve ez ze ze S@ULDG eupsep nq jooups, 20 20 cr 
| sve Wr4 du oes OLL SeUUDy | ce Se se ee 1 SeULDR eujpsep epAs.0}0yy BBA 2u0 Iv 
lo 0 0 0 0 SOUL lo 0 0 0 0 seuug, = se} UoRBAY ounjdary WeWWEACD = LORBAW OF 
| ast Olt vel 8Lb eLb SeUUdY | 9b ub 64 at eb SouUy oun, ouejdany WOWWEACH =§«- UAB 6E 
| 9 iva u 174 eL SeUUDy bez Z r) ] Z seuuy = se uopeny eunrdany feRush =: MOBY BE 
| ve 8 Ww 6c se SeuUdy lice ’ v v v SOUL} oquny eusydany fesueh = uonBAY ZE 
| ewe SSE Cel y v6 999 SeUUC | este 929 € 1eZ€ 743 619e seuUy 103010 nL wbjes4 uegin 9 
| ssz Lee Sse see Sev S@UUD} | cz 29h eve eee (74 SOUUdy eupsep pn ywybjesy ueqin SE 
| ese 99 ows 6Le we seuUdy | ee vey 166 922 Px seUUDY jeseig pn 146}04-UON wean ve 
| so92 owes Bre 6 £00 OF $90 vb SOUL | ver 19S 689 SLL 9SL SeUUDY eupseg ~~ 146j04-U0N usin €& 
| 994 994 oes 681 891 seuUcy | 69 v6 Ob zt 46 seuUR fese1g yong wn «= seGuessed ewatig ueqin Ze 
| osze 960 7 9505 lees £sz 8 SOUL} | zee 6e ory bey Ly SOUL} eujpseD yong i467 —-seB essed eyeauy ueqin 1 
| soz sz Sor 6 028 vr whi es £02 £8 SeUUdy | vezz “ze 801 sis vez Seuudy eulpse any sebuessed epaig ueqin 0c 
| es64 asst 8E0 b zis Lee SOUL} | sv9 6s9 (vi) ose iu seuUugy 1es019 any s6uessed eyeAug usqin 62 
lo ) 0 0 0 SeUUCY lo 0 0 0 0 seuUdy Apupeg any  sebuessed eaug ueqin 8e 
| 92 r Zz Zz 4 SOUND ly v ’ € ry seu eupsep sng Hand ueqn 2 
| eros 6r6 7 Li2L 6106 68r OL seuUd} | ze 897 € “ze 8162 1982 SeUUdy jeseig sng anand ueqin 92 
| 98g 4 eS b ver | diy SBE b S@UUD | oz teh 6b eh Ou SouUn jesaig UBIL-O9 anand ueqin Sze 
lo 0 ° 0 ° S@UUDy 1 o 0 0 ° 0 SoU Ap peg semanggienesas GN ueqin 92 
lo 0 0 0 t) SoUUD lo t) 0 0 () seUUDR fe0D ous = Boy oypeds = Aip-seyuy €Z 
lo 0 0 0 0 SOULOY lo ) 0 t) 0 SeUUDy eues010y OuLeyN wBjeyoypeds = Ap-sequy 2 
lo 0 () 0 ° SOUUdy lo 0 0 ° 0 SeUUDy o3146n eure w6ey oupeds = Ap-seuy iz 
1 ino Ol = . Of seen <= ( ents oat Gael. OMA. Osckaa. es Oghen. cous.  wipscmedg—— Apa cc” 
| tee $39S Pe) 9629 $69 S SOUUD | see verb 999 } Ovo | ges b seuUdy jes019 OULeN wBey oypeds §= Ap-sew 64 
| oveor ees6 e198 ere 0108 SOUUDy | vie eSL seo oso eve seuUDy jeseig InY wey oypeds = Ap-sequy gb 
lo C) 0 0 0 ‘SOUUDY lo 0 ) ty) 0 Soucy [oD eupey wBjey preueD = Ap-ew Zh 
lo ) () 0 t) Se@uUcy lo ° 0 0 0 SOUCY @u08010}4 euuey wbjey peUED = Ap-28)U)_-94 
lo 0 ° 0 ° sQUUdy lo 0 0 ° r) seuUd} 03346n ouuey wSjey eueD = pew St 
| ser tes gis 619 19 seuUgy | veze tere eee € Ls0¥ e927 ‘seuUd} O34 Anvoy oupey wBjey BweueD = Aip-sequy 
| see 96 ¢ 896 € oe € zeLe SeUUC | 966 SEO} SE0 4 68 Lie SOUUDy jose ousey wBjey euep = Ayp-seqy €} 
| 929 82 elz 9z veo & 820 Iz Si 2 ‘seuUdR | osez 6802 vest 9494 6194 seuUdy jeseig ied wBjey Bieueg = Ap-sew} 2 
| Loe st 6e¥ SE S65 ty 069 9¥ 0S8 2 seuUcy | Ls €$9 1969 9919 SS6S ° seUuUd} jos0ig yon wBjey BeueD = Ape) bt 
| isze 801 4 £S0 4 920 4 660 | SeUUdy | zsz ore 998 z06 £68 SeuUdy eupsep pn L wbjey BseueD = Ase), OF 
| 10z vel £64 264 902 seuUdy | ve vOL ebb ord zt SouLUDy ese1g png 4y6N aerig Apr. 6 
| ssp SP sevs 6909 L128 SOUCY | bve oe aly bis 105 SeUUDY oupsep ypng wybq @enug = Ap-.w 9 
| 966¢ 9882 998 b 699 919 SeUUDy | ze vor elz ra 204 seuudy 18019 any @erig Apr. L 
| 009 2 692 £2 W9E VE Ska 929 29 SOUL | wer bbLb £602 Ezd4 “12 s@UUD} euyjoseD any eed Apu 9 
| 406 666 Clb 180 4 990 4 seuUdy | 2 201 vib vy 601 S@UUDY oquin.. Jp-89X3 orang = Ap-sequy ¢ 
| evs 0co +69 S69 699 seu | 9s i) iva iV] 69 seuLDY oqiny spe-B.QUI onang «= Ape) 
| ise €6L tee oes 916 souUg | 9s 2s ov vy ad SeUUDy eupsep sng onangd «= Ap-ew & 
| t9es2 Serz isoe 205 ¥ oer SOUL | sez Oz 929 zi9 219 SeuUdy [e301 sng orang «= Aip-ewy Z 
| coer ary 902 » be 999 seuUdy | eee ose vee e0e 262 seuUny fes0i9 Py nang = Ape) 5 
| so0z oooe e681 0661 9861 =En | goog ooog 661 0861 e961 aun SdAL Tans 300n HO1D3S ‘TWiLWdS YaeWINN 
| (©) suey xON ! ()) sucpeqw3 z0s 

yp seu) ™ yO SUUD) s]UeUNU}SU] DRUOUCDS :}, ABeyeI1S 


SUOCRONPE: @srgry 40) VORISOd 80g LAM GOOZ Aq 8861 
GAgBIOs SUC;SS;WIe ZOD Uy UORONPe JUGS Jed AUOM] :7 OL BUDS 
SNOISSIE ORIVNIOS SNOISSIE ORIVNSOS bys ORL 


ce er, pe ee ec a Cn a a a a DT 


S 
6 
& 
Sf 
= 
+ 
§ 
3 
§ 
5 
°o 
°o 
8 
S 
3 
8 
& 
” 
8 
3 
g 
8 
a 
o 
z 
5 
ia 


0 zw 
| soe zw tip ten is seuUdy | sort ges b oer 9196 ezis souuny eupseD = @PIYOA Ons }9) RAL 240 EF 
| a eZ a 96 66 ‘SeUUD} | 08s 6tz evs asy 262 sou eoupsep nq jooups 240 2NO 2 
| om ech SoUUCy | Lov esp vee Oz 668 SOUUD oupseD ephomjoy MBA eNO WP 
lo t) r) ° 0 souUgy lo ° 0 ° 0 souun, = sv Loney oueday yweuUeroH = = LORE OP 
| eb vw st St vb seuUg i 743 v6h oz £02 86h sou oqiny ouerdany wewWerH UdReAY 6E 
I ¢ 9 9 9 9 seuUd | ez +8 cs) se 68 seuun, = sv Loney euerday fexsush =: UORBAY GE 
Is e ry t e SOULCR | 6€ ey ly sv vy seuUdy oquny. ounjday jesus =: UoRBA /E 
| 667 vey v9e seuUg | 165 Ses ser Lov zo seUUdy e801 pnt wBreuy ueqiNn 96 
| ew ) 9 9 69 seuUg | 991 861 2s2 Loe sos seuUdy eupseD pn wbyerg 
| oge tee ove ost 6b seuUudy | zz viz 2b cub 06 soUUdy jeo01g pn 946}e4-UON ueqin ve 
| zee welt 9924 002 + zo seuudy | syzo see 9 hd bb 00 91 Z08 2 seuUny eupesD pnd, 146j04j-UON ueqin & 
| ve 03 SL 6 seUURR | zs 9s as 9S vy S@UUCy e809 png yb, teBuuessed eye Alig ueqin z& 
| sort cert sez t seuUdy | ezs 019s veld ov 8 220 2h sound} eupssp yong yb —-seBuessed eyeAiG ueqin Ie 
| ses vb v6L St 9Z1 9b 189 SI ory vb seuUg} | 96y ay ove LY Sy $9 62 6L Sez 6 seuUudy eupsep any sx6usssed erg 
| 626 sel 09” zoz seb SeUUdy | sz9 ees Lee est zob seuUucy jeseig any  se6ucssed eyrid ueqin 6 
lo t) ° ° C) soUuUR lo ° 0 0 t) seuUy Apupeg any  sebusssed eyeAlid ueqin 8 
ls s s ’ v eouug ez a 6h 02 ve seuUdy eupseD eng Es] ueqin lz 
| 2ez Te) ves £95 SOULUDy | e298 eze Sse 1s zebt soUUy jeseig sng oHQNd uegin 9 
| se a 18 Eva SL SouUR la vl el (2) a seuuny 19019 UPdL-OD Band weqin Se 
lo ) 0 0 0 SeuUgy lo t) ° 0 ° BoUUay Apne Aemanggmenecas, oHaNd wean 92 
lo () 0 ° () seuUUdy lo ° ti) 0 0 SouUUDy feoD ouLEN w6jey oypeds = Ayp-seqwy £2 
lo 0 ° ° ° eouUy lo 0 ) ° () SoU eues010 ULI wBjey oypedg «= Ap-sewy 2 
lo ) ° ° 0 POUL lo ° C) ) 0 SOUUDY o3346n ouueNn w6jey oypeds = Ap-seyuy 12 
lo 0 0 0 0 SOUR lo ° ° 0 ° SOUUD} O34 AnvoH, ousey wy oypeds == Ap-sew 0z 
| 22 oes ivi Soe ove ‘SOUL | 9801 962 | esy |b vert wet seuUdy 3010 ousen w6yeoy oypeds «= Aip-seqy 6b 
| ess sis Sov rad sey seuUudy | Lev cov sly Lee cee S@UUDy jo001g fT ] wey oypedg == Ap-sewy 8h 
6 0 ° ° 0) SoUUR lo ° ° 0 0 s@UUDy feop oupeyy wBjoy seus = Aip-soquy Zh 
lo 0 0 ° 0 SeULR lo ° C) ° () @UUdY eueso0y UN wey Bseuep = Aip-sequ)_94 
lo ° 0 0 0 ‘S@UUDY lo 0 0 0 0 seuUdy o3146n ouuen wB6jey rxeuep = Ap-sequy Sb 
| ze on on OLb 6Lb SeUUdy | ev ov ov S as seuugy O34 AnvoH ouuey wey esxeuep = AAp-sequ) vb 
| wiz oez oez 961 zsh seuUg | see 06 S06 692 wie seuUgy fes01g euey w6joy Breve = Aip-seiuy, 4h 
| lst Birt ws “hh Orit seuUg | eect 9124 ists veoh 920 4 SOUUDy jeseig Ired wey preven = Aip-sewuy 25, 
| tess SZ0€ seez seu | 9299 s6eS ozs 807 Y SOLS seUUdy e801 »pNL w6jey Bseuep = Ap-sajuy bb 
| 9s2 vez 06} sol £94 seuUdy | vie Le 9SL 72 G0E b ‘S@ULD} 2) NL wey preuep = Ap seq, OL 
| oon D) 98 eZ eZ seuUg | 69 2 19 6s ss seUUgy e801 yen 46 a@erg Apr. 6 
| eos 9294 “st vee | ese | seuUdy | \ee9 ziz9 BOLL 9199 969 ZI} SOU eujpsep ypng wr] aed Ap-.w g 
| 9664 esr fr.) Ise 9ez ‘seuUdy | wer £6 ees $92 elt Sse@UUdy jeseig any a@erig = =Ap-ruy Z 
| 2082 ¥9E Zb 09S Ib 608 OF souUy | 062 ze SLO St ZB 0S 228 8S Lub el seuuny USED any a@eraug Apu 9 
| se 8 re) 06 68 SeuUd lo 0 0 0 0 seuudy oqun sp-8QxXd orang «= Ape 
| zs as 9s 8 Soucy | 229 ozL 06L SOL sol seuUDy oquny. 3p8-8.QUj onang «= Ape oy 
| vet 09 ost och 9th seuUgy | ss les 26s zo 980 5 SouUdy oujpseD sng opang = Aip-sequy 
| vle eve ws zee zz seuUdy | ev si oer Sey 29S souUdy jese1g) ong onang = Ape, 2 
| esz ove fr-4 902 864 seuUy | zee Td voz seb elt seuUny jeseig ed, orang «= Ap-sewuy t 
| sp0z ooog 661 066} 9061 br ] | sooz oooz $661 0661 o061 =n 3dAL TANS 300% ¥O103S ‘WilvdS H3aNNN 
! (©) suppsag eepoEed | (©) sus} 2D0A 

po souuo | jp souuo sjuewnu}suj 2IuOUCOS : |, ABeyeNS 


SUORINPE! @smyTy 20) UORIeod 390q LW SOOZ Aq BOE 1 


@AgBIOs SUC}ESIWE ZOD Uy LORONPe, UCC Jed AjUeM | -y OLBUOS 
SNOISSETS ORIVNSOS SNOISSIG ORVNIOS ‘va Ce 


0 4650/8 LZ 806 OL SSE 4 Ory wre | 161 S968 | t) W1LOL 


| vee Zt ovr vb 295 8b vOS IZ sez 62 SeUUDy OUPSED —- @PJYOA Ounsjo] @eAU 240 EY 

| 9964 906 | v9ES 2505 $269 Seu} oulpseD 8nq poIps 2480 BO ZY 

| zoe See Sev eles SysZ SseuUg oujpseD ep ADIQVOW BAU eNO IP 
iO a acs. 0 Ripe iis ON ca, Cs vie © 9 pees ORION ae OOO MONET R Hi== CURIaey eee ON HRUMLGNCG = IEEE TOR 

| Lop ors 88S 89S vss SouUdy oqun ound WWOEWWAACH  — LORBIAW 6 

| voz lz ove eee zee seuum = sw uonEjAy eunjday fesuey uoRBAY Bf 

| 804 oz oct 9zh ez souUy oquny. ounydiny fesueD = une JE 

| sore £6L2 ver z viez BrSz SeuUdy 103019 pn wbjer4 ueqin 9€ 

| zszs wl b e1s2 vee e 0695 seuUDy eulpsep pL weg ueqin se 

| to 6zS viv 992 viz SouLDR je901g pena, 148joy-U0N ueqn ve 

| ziecs zs9 29 122 6L S20 96 Zt 06h SoUUDy eupsep pn 148jo4-u0N ueqin ee 

| ove sel 9th zeL 904 SeuURy e8019 yong yb, seGuessed eyeaug ueain 2 

| 992 ov ebb 6y 0S8 65 02¥ 89 ZE9 96 BeUURy eujpsep yong yb 0s sebuessed eau ueqin 

| 20 ize ze Sse 6rS OLY ly US 8€0 Oze seuUR eupsep any sobucssed eaug ueqin OF 

| vso4 162 4 BBL 6S 4 ‘SoUUD fes019 any  sebusssed erg ueqin 62 

lo ) ° 0 0 SeuUdy Ap peg any  .ebuessed ewanig uequin 8 

| ez 9th ooh 9% 6L6 SeuUDy eupseD ong HN ueuin lz 

| wey Ley 9Ze 9 er oILy SeUUDy feseig sng nang ueqin 92 

| ve9 609 16S 995 vss seuURy eeeig UPdL-OD onan ueqin SZ 

lo ° 0 ° 0 SeuURy Apypeg Aemangprenesns SHQNg ueqin 92 

lo ° 0 0 0 ‘SeULICR feo eupey wBjeyoupeds = Ap-sew €Z 

lo 0 0 0 0 BoUUDy euesoloy eupey wBpeyoypeds = Ap-seuy ZZ 

lo ° 0 0 0 ‘SOUUDY 04 146n eouuey w6eyoupeds = Ap-1ejuy) 12 

lo 0 0 0 0 SeUUR Od Avvo oupey whey oypeds == Ap-16yuy 02 

| ocoz 6ivz 0212 S192 80S 2 seuUDy jeseig oupey w6pyoypeds = Ap-11u) 6} 

| ve0r vise ore zze “ze BeUUDy es0ig ed wBjey oypeds «= Ap-sequy gh 

lo () 0 0 0 SOUUDy feop oupey wbjey peueD = Ap-sequ Lb 

lo ) ° C) 0 SOUUD eu9s010)4 eouvey w8joy BeUEH = Ap-1e)U) 9h 
I SS Se Le aa aT an eS eee 

lo ° 0 0 0 Soucy OJ AnwoH] ousey wBjey pxeueD = Ape] 

| erss 4394 889 | verb eet SeuUDR feseig oun wbjey preuem = Ap-sejuy Eb 

| Sov tb 205 04 eLv6 sere ore seu 128019 wey wbjey BseueD = Ap-seyu Zh 

| ve9S¢ 6Ee LE 61z 9% 198 12 Sol €% souuDy jes0ig pn wBey pseuen == Ap-reyuy bh 

| @s19 998S Le 2 e989 929 vb BOULUD) eulpseD pnd wbjey scuem = Ayp-s6ju) OL 

| 694 es ov eth be seuUDy feseig xpng WbN qeraug = =Ap-qu 6 

| sto9s 18E 9S 612 99 g9z iL 0S6 66 OULD eujpsep yong wb erg =§=—Ap-sequ 8 

| szee or Z orb vz ver seuudy jes0ig any weg = Ape ZL 

| 6pZ 192 09) £82 606 99¢ £89 Str Lys e19 SeuUDy OuOseD any a@erug — Ap-uy 9 
Ca ae aa aT Se ane a ee ee 

| isze zoe 902 2 wee Le SeuUDy oqing. 2p-B.HUy oHang = Ape» 

| zie 86h y aes $86 9 ez 2b seuuDy eulpsep sng orang «= Ap-ewy € 

| see2 Loze 4 Lore wre seuUdy feeeig sng orang = Ayp-sequy Z 

| zen ZeLt 239 4 vest 997 | SOUUCR wee rey orang = Ap-sequy 5 

| soz oo0z S661 086s 996! =n SdAL Tans 300" HOLO3S ‘TWilWdS HaaHiNN 

| (©) sucepu3 OO 

jo souu0 1 S]U@WMU}sU] DAUOUCDS =}, ABeyeNS 


SUORIN POs @1MNY 10) VORWOd y2eq YUM SOOT Aq B86 | OF 
GARB }O) SUDISS}LUe ZOD U} UORONPe! JUEC Jed AueM | ‘yy ONeUEOS 
SNOISSING ORIVNSOS bys 8eL 


E.4.2 Scenario 2: Regulatory instruments 


Measures applied: 


New CAFE standards — high 


Urban land use management — medium 


Urban traffic management — medium 


Inspection and maintenance programs 


Passenger vehicle travel restrictions 


— reduce passenger vehicle fuel 
consumption 32 per cent 

— reduce truck fuel consumption 14 per 
cent 


— reduce passenger vehicle travel 15 per 
cent 


— reduce urban fuel consumption 10 per 
cent 


— reduce passenger vehicle fuel 
consumption 5 per cent 


— reduce passenger vehicle travel 20 per 
cent 
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E.4.3 Scenario 3: Combined instruments 


Measures applied: 


° Subsidies/incentives for public transit — high 


° Incentives for communications use 


° New CAFE standards — high 


° Urban land use management — medium 
° Urban traffic management — medium 

° Inspection and maintenance programs 

° Passenger vehicle travel restrictions 


— increase transit mode split to 22 per 
cent 

— reduce urban passenger vehicle travel 
14 per cent 


— reduce passenger vehicle travel 5 per 
cent 


— reduce passenger vehicle fuel 
consumption 32 per cent 

— reduce truck fuel consumption 14 per 
cent 


— reduce passenger vehicle travel 156 per 
cent 


— reduce urban fuel consumption 10 per 
cent 


— reduce passenger vehicle fuel 
consumption 5 per cent 


— reduce passenger vehicle travel 20 per 
cent 
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Appendix F Other measures considered 


a a 


In addition to the measures considered in Appendix C, measures to bring about two other 
actions were examined because they are widely advocated as ways of reducing emissions or 
energy use in the transportation sector: 


¢ alternative transportation fuels 
* non-motorized transportation modes, particularly bicycles. 


The analysis of these indicated that neither of these actions is likely to have a significant 
effect on energy use or emissions over the next fifteen years. The findings of the analysis are 
briefly summarized below. 


F.1 Alternative fuels 


A number of alternative fuels have been suggested as replacements for the traditional 
transportation fuels, gasoline and diesel. The search for alternative transportation fuels began 
in earnest during the early 1980s when energy self-sufficiency and security of supply became 
major considerations due to periodic shortages of petroleum-based fuels. While shortages of 
gasoline and diesel did not persist, interest in alternative fuels has persisted due to their 
potential to reduce air emissions from the transportation sector. 


Alternative transportation fuels include some that are relatively common such as propane, 
natural gas, and ethanol blends; others that are in the early stages of commercialization such 
as reformulated gasoline, methanol, and electricity, and still others that are experimental such 
as hydrogen. 


F-1 


Unless there are significant advances in alternative fuels technology, the use of alternative 
fuels will have little or no impact on total energy consumption by, and emissions from, 
Ontario’s transportation sector in 2005. As much as two to three percent of the Ontario 
motor vehicle fleet may be powered by propane and natural gas by 2005. While some 
emissions reductions are possible by using propane and natural gas, the emissions achieved in 
practice are modest, and the expected number of propane and natural gas-powered vehicles in 
2005 will be too small to have a significant impact on air quality. The main attractions of 
propane and natural gas are security of supply and lower costs. However, the costs of 
propane and natural gas have been kept artificially low through government grants that offset 
some of the conversion costs and through lower taxes for propane and natural gas than for 
gasoline. 


Methanol also offers the potential for reduced emissions, but technical problems 
(corrosiveness and toxicity) and higher costs (methanol contains only about half the energy 
content as gasoline but requires greater storage space) make it unlikely that methanol-powered 
vehicles will account for more than a fraction of one percent of the vehicle fleet by 2005. 


Reformulated gasoline can effect reductions in HC and toxic emissions, although it is not yet 
widely available and will be slightly more expensive than current gasoline when it does 
become widely available. The use of reformulated gasoline can be required by regulation in 
areas where other measures fail to bring HC and toxic emissions below acceptable levels. 


In the longer term, electricity and hydrogen as transportation fuels offer the potential to 
greatly reduce emissions from the transportation sector. However, the technical and cost 
problems (concerns regarding the battery capacity and recharging of electric vehicles; 
refuelling, storage and risk of fire of hydrogen vehicles) associated with their use as 
transportation fuels are unlikely to be solved in time for electricity and hydrogen to have an 
impact on fuel use by the transportation sector in 2005. 


F.2 Bicycle transportation 


Few data are available on levels of bicycle use in Ontario, however in all probability the 
percentage of distance travelled by bike is well below one per cent. The distance travelled is 
higher in some European nations, ranging from 2.0 per cent in Sweden to 8.0 per cent in 
Holland (CEC, 1989). 


Several reasons have been advanced to explain the relatively low use of bicycles in Ontario, 
including the Ontario climate, safety, and urban density. Helsinki, with a climate comparable 
to Ontario’s, maintains February ridership at 40 per cent of February levels, in part through 
clearing snow from bicycle paths with specially designed equipment, and the use of studded 
tires. Safety can be addressed through the construction and improvement of bicycle routes: 
construction of bicycle routes in Delft, Netherlands corresponded to a ten per cent increase in 
trips, and an increase in average trip distance to 3.9 km; Detmold FRG and Basel Switzerland 
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reported substantial increases in bicycle travel after constructing bicycle routes 
(Replogle,1983). Areas with higher urban densities tend to have shorter trip distances, 
increasing the attractiveness of bicycles and walking; a study in Japan indicated bicycle use 
for trips 4-6 km long was only half that of trips 2-4 km long, and continued to drop as trip 
distance increase (Replogle, 1983). 


Numerous measures have been adopted outside Ontario to increase bicycle ridership, 
including such things as construction and maintenance of bicycle routes, and provision of 
parking facilities for bicycles (de Wit, 1988;Replogle,1983). These have been shown to 
increase the number of trips made by bicycle. However, after substantial improvements to 
bicycle routes, Helsinki shows only 3.8 per cent of distance travelled is by bicycle. Toronto, 
having a climate and population density similar to Helsinki, will likely experience similar 
results. The Ontario average would be considerably lower, and thus the contribution of 
bicycles to reducing emissions or energy use in the Ontario transportation sector will be 
minimal, though the local impacts in certain urban areas of the Province may be significant. 
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